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STEROIDS AS NEUROCHEMICAL INITIATORS OF CHANHR 
HUMAN BLOOD LEVELS OF LH OR FSH 
Cross Reference To Related AoDlicatiions 

This is a continuation-in-part of U.S. Application 
Serial No. 08/286,073, filed August 4, 1994. 

This application is related to U.S. Application 
Serial No. 08/127,908, filed September 28, 1993 which is a 
continuation-in-part of U.S. Application Serial No. 
07/903,604, filed 24 June 1992, which in turn is a 
continuation-in-part of U.S. Application Serial No. 
07/708,936, filed 31 May 1991, which in turn is a 
continuation-in-part of U.S. Application Serial No. 
07/638,185, filed 7 January 1991, now abandoned. 

The application also relates to U.S. Application 
Serial No. 08/127,980 filed Septen±)€r 28, 1993 which is 
another continuation-in-part of U.S. Patent Application 
Serial No. 07/903,604, U.S. Patent Application Serial No. 
08/077,359, filed 15 June 1993, and to commonly assigned, 
co'pending U.S. Patent Application Serial No. 07/903,525, 
filed 24 June 1992 (a continuation-in-part of U.S. 
Application Serial No. 07/707,862, filed 31 May 1991, which 
in turn is a continuation-in-part of U.S. Application Serial 
No. 07/638,743, filed 7 January 1991, now abandoned) 
entitled "Estrene Steroids as Neurochemical Initiators of 
Change in Human Hypothalamic Function and Related 
Pharmaceutical Compositions and Methods"; and to the 
commonly assigned, co-pending continuation-in-part of 
07/903,525, U.S. Patent Application Serial No. 08/077,140. 
The aforementioned U.S. patent applications are each 
incorporated herein by reference. 

Finally, this application may relate to U.S. Patent 
5,278,141, issued January 11, 1994 entitled "Fragrance 
Compositions Containing Human Pheromones", and U.S. Patent 
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5,272,134, issued December 21, 1993, entitled "Fragrance 
Compositions and Other Compositions which Contains Human 
Pheromones . *' 

Teghrii,<;al F^^ld 
5 This invention relates generally to methods for 

altering the blood levels of luteinizing hormone or 
follicular stimulating hormone in humans. 

Description of the Related Art 
The present invention relates to certain steroids, 

10 and methods of using these steroids as human vomeropherins 
in order to alter hypothalamic function, thereby affecting 
certain consequent behavior and physiology, e.g., the 
reduction of anxiety. Ohloff, G. et al . (Helv, Chim. Acta 
(1983) £S.:192-217) , which is incorporated herein by 

15 reference, have shown that several steroids (androstenes) 
have an odor which varies with different isomeric, 
diastereomeric, and enantiomeric forms. Some members of 
this group have been reported to act as a pheromone in some 
mammalian species - for instance, 5a-androst-16-en-3-one and 

20 5cy-androst-16-en-3a-ol in pigs (Melrose, D.R., et al . . Br. 
vet. J. (1971) 127 :497-5Q2) . These 16 -androstenes produced 
by the boar induce mating behavior in estrus sows (Glaus, at 
ai^, E^erimentia (1979) 2^:1674-1675). 

Some studies have noted that, in some species, 

25 various characteristics of certain 16 -androstenes (including 
5Qr-Androst-16-en-3Qf-ol and 5Qf-Androst-16-en-3 -one) , such as 
concentration, metabolism, and localization, are sexually 
dimorphic (Brooksbank st^aL-,, J, Endocr. (1972) 51= 239-251; 
Claus, et al. . J. Endocr . (1976) £1:483-484; Kwan, 

30 Med. Sci. Res. (1987) 1^:1443-1444). For instance. 
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5a-Androsc-16-en-3a-ol and 5of-Androsc-16-en-3-one, as well 
as Androsta-4, l6-dien-3-one, have been found at different 
concentrations in the peripheral blood, saliva and axillary 
secretions of men and of women (Kwan, T.K., et al , Med. 
gg^t R^g- (1937) 15:1443-1444). and their function as a 
human pheromone, to the extent of affecting choice and 
judgment, has been suggested (1^.; see also Gower. et al. . 
"The Significance of Odorous Steroids in Axillary Odour", 
In, Perfymgrv, pp. 68-72, Van Toller and Dodds, Eds.. 
Chapman and Hall, 1988); Kirk-Smith, D.A., et al . . Res. 
Cotnm. Psvchol. Psvchiat. Behav. (1978) 1:379). Androstenol 
(5a-androst-16-en-3cr-ol) has been claimed to exhibit a 
pheromone-lilce activity in a commercial men's cologne and 
women's perfume (Andron" for men and Andron" for women by 
15 Jdvan) . Japanese Ko)cai No. 2295916, refers to perfume 

compositions containing androstenol and/or its analogues. 
Androstadien-30-ol (and perhaps the 3a-ol) has also been 
identified in human axillary secretion (Gower, siL_ai- , 
SMElza. at 57-60) . On the other hand, there is little 
agreement in the literature as to whether or not any 
putative pheromone actually plays any role in the sexual or 
reproductive behavior of mammals, particularly of humans. 
See: Beauchamp, G.K.. et al.. "The Pheromone Concept in 
Mammalian Chemical Comroxinication: A Critique", In: 
Mammalian Olfflrri.on. Reproductive Pro cesses and Behavi^^ 
Doty, R.L., Ed., Academic Press, 1976). See also: Gower, g£. 
al . . supra at 68-73. 

The pheromone properties of some estrene steroids 
for some mammalian species has been described. Michael, 
R.P. al., Wamrg (1968) iia:746 refers to Estrogens 
(particularly Estradiol) as a pheromonal attractant of male 
rhesus monkeys. Parrot. R.F.. Hormonea and Behavio^ (1976) 
7:207-215. reports Estradiol benzoate injection induces 
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mating behavior in ovariectomized rats; and the role of the 
blood level of Estradiol in make sexual response {Phoenix, 
C.H., Phvgiol. and Behavior (1976) ii305-310) and female 
sexual response (Phoenix, C.H., Hormones and Behavior (1977) 
fi: 356- 362) in Rhesus monkeys has been described. On the 
other hand, there is little agreement in the literature as 
to whether or not pheromones as such play anv role in the 
reproductive behavior and interpersonal communication of 
mammals (Beuchamp, G.K. , et al. , The Pheromone Concept in 
Mammalian Chemical Communication: A Critique', In: 
Mammalian olfaction . Reproductive Procegseg, and Bghavior, 
DotyR.L., Ed., Academic Press, 1976). 

The subject invention concerns the non-systemic 
administration to the vomeronasal organ (VNO) of certain 
steroids to affect blood levels of LH or FSH in human 
subjects. Administration provides for contacting 
neurochemical receptors in the VNO (also known as 
"Jacobson's organ"), with one or more steroid(s) or with 
compositions containing the steroid (s) . This organ is 
accessed through the nostrils of most higher animals - from 
snakes to humans / and has been associated, inC?y atj,^, with 
pheromone reception in certain species (see generally 
Muller-Schwarze & Silverstein, ChgTBt^aj, gi,qnalg. Plenum 
Press, New York (1980)) . The axons of the neuroepithelia of 
the vomeronasal organ, located supra palatinal, form the 
vomeronasal nerve and have direct synaptic connection to the 
accessory olfactory bulb and indirect input from there to 
the cortico-medial amygdaloid basal forebrain and 
hypothalamic nuclei of the brain. The distal axons of 
terminal is nerve neurons may also serve as neurochemical 
receptors in the VNO. Stensaas, L. J. , et al . . ^ t St^ro^d 
BiQchem. and Mol^g. Biol. (1991) 22:553. This nerve has 
direct synaptic connection with the hypothalamus. 
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Johnson, A. aj, , ;j. Otolar vnaolooY (1985) 11:71- 
79) report evidence for the presence of che vomeronasal 
organ in most adult humans, but conclude that the organ is 
probably non-functional . Contravening results . which suggest 
that the VNO is a functional chemosensory receptor are 
reported by Stensaas. L., £JL_3iw SiiSIA; and by Moran, D.T.. 
Si_ai., Garcia-Velasco, J. and M. Mondragon; Monti-Bloch, L. 
and B. Grosser all in J. Steroid Biochem. ;»nd Mol p ^^i 
(1991) 2^- 

This invention relates to the unexpected discovery 
that, when intranasally administered to human subjects, 
certain neurochemical ligands, particularly steroids, and 
related compounds, specifically bind to chemoreceptors of 
certain nasal neuroepithelial cells and this binding 
generates a series of neurophysiological responses resulting 
in an alteration of hypothalamic function of an individual. 
When properly administered, the effect of certain of these 
compounds on the hypothalamus affects the function of the 
autonomic nervous system and a variety of behavioral -or 
20 physiological phenomena which include, but are not limited 
to the following: anxiety, premenstrual stress, fear, 
aggression, hunger, blood pressure, and other behavioral and 
physiological functions normally regulated by the 
hypothalamus. See Otto Appenzeller, The Autonomic Nervnna 
25 gygtetn, ftp Introduction of basic and ciinir a i conr>>p^o 

(1990); Komer, P. I. Central nervous cont^rol of an^^T^"m1" 
cardiovascular fimr-ti^n i and Levy, N.M. and Martin. P.j. 

Ngmral contrg l gf the hgarr. . both in Handbook of Phys^^^ ^ gy. 

gegtion 2; Cardiovasrular gv■c,^o m - the h«>arr Vol. I, 
Washington DC, 1979, American Physiological Society; 
Fishman, A. P., et al. editors, Handboolc of Phvc^^^r^ ^ y ^ 
Sggt i on 3; — Respiratory SvatPm voi . n. rnn^^-^^ 
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breathing , Bethesda MD, 1986. American Physiological 
Society. 

In some instances a single steroid, or related 
compound, is administered, in some instances combinations of 
5 steroids and/or related compounds are administered. 

Summary of the Invention 
Accordingly, it is an object of this invention to 
provide methods of using vomeropherins to alter hypothalamic 
functions of an individual, in particular, to alter LH or 

10 FSH blood levels. 

The method of the invention has the following 
advantages: 1) administration directly to the 
chemoreceptors in the nasal passage and the vomeronasal 
organ, without pills or needles - i.e., non-invasively ; 2) a 

15 mode of drug action through the invention system and not 

through the circulatory system - thus brain function can be^ 
affected without consideration of the bloodbrain barrier; 
3) a direct means of affecting the hypothalamus - there is 
only one synaptic junction between pheromone receptors and 

20 the hypothalamus; and, 4) providing a highly specific drug 
effect, thereby greatly reducing the potential for 
undesirable side-effects - this because sensory nerves are 
addressed to a specific location in the brain. 

Additional objects, advantages and novel features of 

25 the invention will be set forth in part in the description 
which follows, and in part will become apparent to those 
skilled in the art upon examination of the following, or may 
be learned by practice of the invention. 

Among the compositions, a preferred class contains a 

30 pharmaceutical ly acceptable carrier and a pregnane steroid 
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with the formula 




wherein Pi is selected from the group consisting of oxo, 
a-ip-) hydroxy, a- 10-) acetoxy. a-(0-) propionoxy, «-(/?-) 
methoxy, a-{0-) lower acyloxy, a-(^-) lower alJcyloxy, and a- 
(/?-) benzoyloxy; P, is selected from the group consisting of 
methyl, hydroxymethyl , acyloxymethyl, alkoxymethyl , lower 
alkyl, hydroxyalkyl , acyloxyalkyl , and alkoxylalkyl ; P, is 
selected from the group consisting of hydrogen, oxo, halo, 
hydroxy, alkoxy, and acyloxy; P« through may each be, 
independently, hydrogen, halo, methyl, or halo-, dihalo-, or 
perhalomethyl and when Pj is methyl and P, is ^9- hydroxy, p, 
and P, may be jointed to form a cylic ether; P,, is hydrogen, 
methyl, methylene, halo-substituted methyl, halo-substituted 
methylene, ethyl, ethylenyl, acetylenyl, methyl -methylenyl, 
methyl -methinyl; and "a", "b", "c", "d", "e", "h", "i", and 
"j" are alternative sites for optional double bonds, and "j" 
or "k- may also be triple bonds. Halo substituents include 
fluoro, bromo, chloro and iodo atoms. 

One class of preferred steroids has "b" as a double 
bond, particularly wherein "d" or "e" is also a double bond. 
Another preferred class has "a" and "c" as double bonds, or 
only "c" as a double bond. Yet another preferred class 
contains "h" as a double bond, with i and j being absent 
(i.e., single bonds), j being a double bond, or j being a 
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(i.e., single bonds), j being a double bond, or j being a 
triple bond. In another class, "h" is absent, and j or i is 
a double bond, or i and j are absent, or j and i are double 
bonds, or j is a triple bond. 
5 The term lower alkyl, lower alkoxy, etc., is meant 

to encompass carbon chains of 1 to 6 carbon atoms, 
preferably 1 to 4 carbon atoms. 

A second class of compositions contains a 
pharmaceutically acceptable carrier and a pregnane steroid 
10 with the formula: 




wherein is oxo, or- or ^-hydroxy, a- or ^-acetoxy, or- or 
)3-propionoxy, a- or 0-lower acetoxy, a- or /3-acyloxy, or or- 
or iS'benzyloxy; 

«a", "b", "c**, "d", "e", "f% "g"/ "h", "i", "j", 
15 "m" and "n" are alternative sites for optional double bonds, 
and "k" may be absent or present with "j" to form a triple 
bond; 

Pj is hydroxy, hydrogen, lower alkoxy of 1 to 6 
carbon atoms, or Pa is absent; 
20 Pj is oxo, hydrogen, hydroxy, lower alkoxy of 1-6 

carbon atoms or halo; 

P4 is methyl or ethyl; 

P5 is hydrogen, methyl or halo; 

- 8 - 
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Pfi is hydrogen or methyl. 

One subset of the second preferred class of steroid 
compositions contains steroids wherein "d" is a double bond, 
and optionally "b" is present as a double bond. Another 
5 preferred class has "a", "d» and "e" present, and g or h are 
optionally present. If "g« is present in this case, then 
"n" is optionally present. Another preferred class has "c" 
present, with "f" optionally present. 

A third class of compositions contain steroids with 
10 the formula: 




wherein is selected from the group consisting essentially 
of one or two hydrogen atoms, methyl, methylene, and one or 
two halo atoms; is absent or is selected from the group 
consisting essentially of hydrogen and methyl; Rj is 

15 selected from the group consisting essentially of oxo, 
hydroxy, lower alkoxy, lower acyloxy, benzoyl, cypionyl, 
glucuronide and sulfonyl; is selected from the group 
consisting essentially of hydrogen, hydroxy, lower alJcoxy, 
lower acyloxy, oxo and halo; is absent or is selected 

20 from the group consisting essentially of hydrogen, hydroxy, 
lower alkoxy and lower acyloxy; R« is a hydrogen or a halo; 
and "a" represents optional aromatic unsaturation of ring A 
of said steroid, or -b", "c", and "d" are each optional 
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double bonds; and "e", "f", "g", "h", "i" and "j" are each 
optional double bonds. In this embodiment, the steroid is 
preferably administered in the form of a pharmaceutical 
composition containing one or more pharmaceut ically 
5 acceptable carriers. 

A preferred subset of the third class of steroids 
are those in which "a" is present and "g", "h" or *»i" are 
optional double bonds. Another preferred class contains 
"b", "c" or "j" as a double bond. Yet another class 

10 contains "c" and "d" as double bonds. Still another class 
contains Rj as methyl and "e" as a double bond. 

The term lower alkyl, lower alkoxy, etc., 
encompasses carbon chains of 1 to 6 carbon atoms, preferably 
1 to 4 carbon atoms. Halo includes I, Br, F and CI, 

15 A fourth class of preferred compositions contains a 

pharmaceut ically acceptable carrier and an androstane 
steroid with the formula: _ 




wherein is selected from the group consisting of oxo, or- 
{0') hydroxy, a-O-) acetoxy, or-(0-) propionoxy, 

20 a-(0-) methoxy, a-(/3-) lower acyloxy, a-(j3-) lower alkyloxy, 
and benzoyloxy; Pj is selected from the group 

consisting of methyl, hydroxymethyl , acyloxymethyl , 
alkoxymethyl, lower alkyl, hydroxyalkyl, acyloxyalkyl, and 
alkoxylalkyl; Pj is absent or is selected from the group 

25 consisting of methyl, hydroxymethyl, acyloxymethyl, 

. 10 - 
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alkoxymethyl, lower alJcyl, hydroxys 1 kyl , acyloxyalkyl , and 
alkoxylalkyl; is selected from the group consisting of 
hydrogen, oxo, halo, hydroxy, alkoxy, and acyloxy; 
represents one or 2 substituents, wherein P, comprises one 
or two hydrogen atoms, methyl, methylene, or one or two halo 
atoms; P, is hydrogen or halo; and "a", "b", "c", "d", "e", 
"f", and "h" are alternative sites for optional double 
bonds . 

One subset of the fourth preferred class of steroids 
as "b" as a double bond, particularly wherein "c" or "d" is 
also a double bond. Another subset has "a" and "c" as 
double bonds. Yet another subset contains P, as a methyl 
group, "h" as an optional double bond, and P, as methylene 
or one or two hydrogen atoms. A subset of steroids wherein 
"a" or "b" is a double bond is also preferred. 

By halo, it is meant, F, CI, Br, or I. The term 
lower alkyl, lower alkoxy, etc., is meant to encompass 
carbon chains of i to 6 carbon atoms, preferably 1 to 4 
carbon atoms. 

Other objects of this invention are achieved by 
providing a method of altering hypothalamic function and/or 
autonomic function in an individual. A ligand for a 
chemorecepcor displayed on the surface of a nasal 
neuroepithelial cell is provided wherein the cell is a part 
of tissue other than olfactory epithelia; and, the ligand is 
administered within a nasal passage of the individual such 
that the ligand binds specifically to the chemoreceptor , 
resulting in an alteration of hypothalamic function of the 
individual . 

All embodiments of this application relate to and 
include the functional equivalents of the steroid structures 
disclosed in these embodiments and to those modified 
steroids which demonstrate said functional equivalence, 

- 11 - 
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whether or not the modified steroids are explicitly 
disclosed. 

Brief Descri ption of the Drawings 
FIG. 1 is the data on the integrated EVG, GSR and ST 
for compound AI-Pl in males as tested according to Examples 
16 and 17, 

FIG. 2 is the data for the integrated EVG for 
compounds Al- PI, A2-P1, A4-P1, A3-P1, A1-P4, A2-P4 in 
females. 

FIG. 3 is the data for the ST measurements of 
compounds Al-Pl, A2-P1, A4-P1, A3-P1, A1-P4, A2-P4 in 
females, 

FIG. 4 is the data for the GSR measurements in 
females of compounds Al-Pl, A2-P1, A4-P1, A3 -PI, A1-P4, A2- 
P4 . 

FIG. 5 is the data for ST, GSR and EVG measurements 
in females of compound A1-P3. 

FIG. 6 is the data for RF and EKG measurements in 
females of compound A1-P3. 

FIG. 7 is the data for EEG measurements in females 
of the compound A1-P3. 

FIG. 8 is the data for the ST, GSR and EVG 
measurements in males of compound A1-P3. 

FIG. 9 is the data for the RF and EKG measurements 
in males of compound A1-P3. 

FIG, 10 is the data for the EEG measurements in 
males of compound A1-P3, 

FIGS. 11 and 12 show the data of the ST, GSR and EVG 
measurements in males and females, respectively, for 
compound A2-P3. 



- 12 • 



wo 97/36596 



PCT/US97/06061 



FIGS. 13 and 14 show che data of the EEG 
measurements in males and females, respectively, for 
compound A2-P3. 

FIGS. 15 and 16 show the data for the RF and EKG 
measurements in males and females, respectively, for 
compound A2-P3 , 

FIGS. 17 and 18 show the data of the ST, GSR and EVG 
measurements in males and females, respectively, for 
compound A8-P1 . 

FIGS. 19 and 20 show the data of the RF and EKG 
measurements in males and females, respectively, for 
compound A8-P1 . 

FIGS. 21 and 22 show the data for EEG measurements 
in males and females, respectively, for compound AB-Pi, 

FIGS. 23 and 24 show the data for ST, GSR and EVG 
measurements in males and females, respectively, for 
compounds A6-P1. 

FIGS. 25 and 26 show the data for RF and EKG 
measurements in males and females, respectively, for 
compound A6-P1. 

FIGS. 27 and 28 show the data for EEG measurements 
in males and females, respectively, for compound A6-P1. 

FIGS. 29, 3 0 and 31 show the data for ST, GSR, EVG, 
RF EKG and EEG measurements in males of 20,21- 
dimethylpregna-5, 20-dien-3^-ol • 

FIGS. 32, 33 and 34 show the data for the ST, GSR, 
EVG, RF KEG and EEG measurements in females of 20,21- 
di me t hy Ipregna -5,20-dien-3^-ol. 

FIGS. 35, 3 6 and 37 show the data for the ST, GSR, 
EVG, RF KEG and EEG measurements in males of 20,21- 
dimethylpregna- 5 , 20 -dien-3 -one . 
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FIGS. 38, 39 and 40 show the ST, GSR, EVG, RF EKG 
and EEG measurements in females of 20 , 21 -dimethylpregna- 
5 , 20-dien-3 -one . 

FIGS. 41, 42 and 43 show Che ST, GSR, EVG, RF EKG 
and EEG measurements in males of compound A14-P2. 

FIGS. 44, 4 5 and 46 show the ST, GSR, EVG, RF, EKG 
and EEG measurements in females of compound A14-P2. 

FIGS, 47, 48 and 49 show the ST, GSR, EVG, RF, EKG 
and EEG measurements in males of compound A7-P2. 

FIGS. 50, 51 and 52 show the ST, GSR, EVG, RF, EKG 
and EEG measurements in females of compound A7-P2. 

FIGS. 53. and 54 show the ST, GSR, EVG, EEG 
measurements in males of compound All-Pl. 

FIGS. 55 shows the data of EEG measurements in males 
of compound A13-P1. 

FIGS. 56, 57 and 58 show the data of measurements of 
ST, GSR, EVG, RF, EKG and EEG in females of compound A13-P1. 

FIGS. 59 shows EVG, EDA and BT data of measurements 
in women of compound A3/P1. 

FIG. 60 shows EVG, EDA and BT data of measurements 
in women of compound A4/P1. 

FIGS. 61 and 62 show data of measurements in men and 
women, respectively, of compound A8/P1. 

FIGS. 63 and 64 show data of measurements in men and 
women, respectively, of compound A13/P8, 

FIGS. 65 and 66 show data of measurements in men and 
women, respectively, of compound A6/P1, 

FIGS. 67 and 68 show data of measurements in men and 
women, respectively, of the 20 -methyl derivative of compound 
A6/P1. 

FIGS. 69 and 70 show data of measurements in men and 
women, respectively, of the 20, 21 -dimethyl derivative of 
compound Al/Pl- 
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FIGS. 71 and 72 show data of measurements in men and 
women, respectively, of the 20, 21-dimethyl derivative of 
compound A6/P1. 

FIGS. 73 and 74 show the data of measurements in men 
and women, respectively, of compound A14/P2. 

FIGS. 75 and 76 show the data of measurements in men 
and women, respectively, of compound A12/P1. 

FIGS. 77 and 78 show the data of measurements in men 
and women, respectively, of compound A7/P2. 

FIGS. 79 and 80 show the data of measurements in men 
and women, respectively, of compound A13/P1. 

FIGS. 81 and 82 show the data of measurements in men 
and women, respectively, of compound A2/P7. 

FIGS. 83 and 84 show the data of measurements in men 
and women, respectively, of compound A3/P5. 

FIGS. 85-96 refer to the cholanes on Chart II. 
FIGS. 85 and 86 show the data of measurements in men and 
women, respectively, of compound A8/C1. 

FIGS. 8 7 and 88 show the data of measurements in men 
and women, respectively, of compound A2/C1. 

FIGS. 89 and 90 show the data of measurements in men 
and women, respectively, of the acetate of compound A2/C1. 

FIGS. 91 and 92 show the data of measurements in men 
and women, respectively, of compound Al/Cl. 

FIGS. 93 and 94 show the data of measurements in men 
and women, respectively, of compound A3/C1. 

FIGS. 95 and 96 show the data of measurements in men 
and women, respectively, of compound A13/C1. 

FIG. 97 and FIG. 98 show the EVG and vomeronasal 
nerve discharge frequency, respectively, of steroid E2/P4 
and control, in female rats. 

FIGS. 99 through 120 show the EVG, EDA, RF, CF, EMG, 
BT and EEG (alpha-V, alpha-T, beta-V and beta-T) data of 
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administration of designated 19-nor-sCeroids in the WO 
women . 

FIGS. 121 through 142 show the EVG, EDA, RF, CF, 
EMG, BT and EEG data of administration of designated 19-nor- 
steroids in the VNO of men. 

FIG. 143 illustrates the synthesis of 1, 3 ,5 (10), 
16-Estratetraen-3-ol . 

FIGS. 144A, 144B and 144C are graphic 
representations of the electrophysiological effect on 
receptor potential of the localized administration of 
particular steroids to the vomeronasal organ of male 
subjects (FIG. 144A) and to the olfactory epithelium (FIG. 
144C) . FIG. 144B is a graphic comparison of the effect of 
an Estrene on the VNO receptor potential of male and female 
subjects • 

FIG. 14 5 is a graphic representation of the 
electrophysiological effect of the localized administration 
of particular steroids to the vomeronasal organ of male 
(145A) and female (145B) subjects. 

FIG. 146 depicts various autonomic responses of male 
subjects to 1,3,5(10), l6-Estratetraen-3 -yl acetate. 
A = receptor potential of the vomeronasal neuroepithelium; 
B » change in galvanic skin response (K-ohms) ; C « change in 
skin temperature (degrees C). 

FIG. 147 depicts comparative changes in potential of 
the VNO after exposure to the methyl 5 ether and the acetate 
of 1,3,5(10) ,16-E8tratetraen-3-ol. 

FIG. 148 depicts sexual dimorphism in local and 
autonomic responses to the stimulation of the VNO with 
vomeropherins . Various vomeropherins (200 10 fmoles) and 
the diluent control were administered to 30 male and 30 
female subjects (ages 20 to 45 ) as described. Bars 
indicate the mean response of the population. 
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FIGS. 149A and 149B: EVG responses were measured as 
IS described in male (A) and female (B) subjects. 

FIGS. 149C and 149D: Eleccrodermal activity was 
measured as described. Changes (measured in xQ) in response 
due to delivery of vomeropherins to the VNO of each subject 
are shown in male (C) and female (D) subjects. 

FIGS. 149E and 149F: Alpha-cortical activity was 
measured as described. Changes in response due to delivery 
of vomeropherins to the VNO of male (E) and female (F) 
subjects. 

FIGS. 14 9G and 149H: Skin temperature (ST) was 
measured as described. Changes in response due to delivery 
of vomeropherins to the VNO of each subject are shown in 
male (G) and female (H) subjects. 

A = 1, 3, 5 (10) , i6-Estratetraen-3-yl acetate 

B = Androsta-4, l6-dien-3-one 

C = 1, 3, 5 (10) , 16-Estratetraen-3-ol 

D = 3-Methoxy-Estra-l.3,5(lO) .16-tetraehe 

E «= Androsta-4, l6-dien-3a-ol 

F = Androsta-4, 16 -dien-3/J-ol 

FIG. 149 depicts electro-olfactograms of male and 
female subjects induced by stimulation of the OE with 
olfactants and vomeropherins A: 400 fmoles of the olfactants 
1-carvone and cineole as well as 200 fmoles of the 
vomeropherins A, B, C, D and F; and the 10 stereoisomer E 
were applied separately as one second pulses to the OE of 20 
subjects (both male and female) and each EOG response was 
recorded as described. The olfactants as well as E and B 
produced significant (p<0.01) local response. B: 400 fmoles 
of the olfactants 1-carvone and cineole do not induce a 
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significant EVG response when delivered to the VNO of r.aie 
and female subjects. 

FIG, 150 depicts the electrophysiological effect of 
the following vomeropherins on the vomeronasal organ of 20 
female subjects: 

G a Androst-4-en-3-one 

H Androsta-4, 16-dien-3, 6-dione 

J = 10, 17-Dimethylgona-4, 13 (17) -dien-3-one 

K a 1,3, 5 (10) , 16-Estratetraen-3-ol-methyl ether 

L = 1, 3, 5 (10) , 16-Estratetraen-3-yl-propionate 

EVG = Electro-vomeronasogram 
GSR = Galvanic Skin Response 

= Elect rodermal Activity (EDA) 
ST = Skin Temperature 

FIG. 151 depicts the electrophysiological effect of 
vomeropherins on the vomeronasal organ of 20 male subjects. 

M = 1, 3 , 5 (10) -Estratrien-3-ol 

FIG. 152 depicts the synthesis of Estra- 
1,3, 5 (10) , 6-tetraen-3-ol and Estra-4, 16-dien-3-ol . 

FIG- 153 depicts the synthesis of compounds 
described in Examples 63 through 66, 

FIG- 154 illustrates the steps of synthesis 
described in Examples 67 through 71. 

FIG. 155 illustrates the steps of synthesis 
described in Examples 72 through 75. 
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FIG. 156 illustrates the steps of synthesis 
described in Examples 76 through 77. 

FIG. 157 illustrates the steps of synthesis 
described in Examples 78 through 83. 

FIG. 158 illustrates the steps of synthesis 
described in Examples 84 through 86. 

FIG. 159 illustrates the steps of synthesis 
described in Examples 87 through 93 . 

FIG. 160 illustrates the steps of synthesis 
described in Examples 94 through 96. 

FIG. 161 illustrates the steps of synthesis 
described in Examples 97 through 98. 

FIGS. 162A, 162B and 162C illustrate the EVG, GSR 
and ST data on women, respectively, for 13 estranes on 
Chart 1. 

FIGS. 163A, 163B and 163C illustrate the EVG, GSR 
and ST data on men, respectively, for 13 estranes on 
Chart 1. 

FIGS. 164A and 164B through 176A and 176B illustrate 
the EEG data on men (A) and women (B) for the 13 estranes, 
respectively, identified in FIGS. 163A-163C. 

FIG. 177 illustrates the synthesis of Androsta-4 , 16- 
dien-3-one, Androsta-4, 16-dien-3a-ol, and Androsta-4 , 16- 
dien-3)3-ol. 

FIG. 178 illustrates the synthesis of Androsta-5, 16- 
dien-3Q(-ol and Androsta-5, 16-dien-3/3-ol . 

FIG. 179 illustrates an alternate synthesis of 
Androsta-4, 16-dien-3-one. 

FIG. 180 is a graphic representation of the 
electrophysiological effect on receptor potential of the 
localized administration of particular steroids to the 
vomeronasal organ of female subjects (180A) and to the 
olfactory epithelium (180C) . FIG. 180B is a graphic 
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comparison of the effect of an Androstane on the VNO 
receptor potential of male and female subjects. 

FIG. 181 is a graphic representation of the 
electrophysiological effect of the localized administration 
of particular steroids to the vomeronasal organ of male 
(182A) and female (182B) subjects. 

FIG. 182A through 182F depicts various autonomic 
responses of female subjects to an Androstane. A = receptor 
potential of the vomeronasal neuroepithelium; B = change in 
cortical alpha activity of an electroencephalogram {*) ; 
C = change in galvanic skin response (K-ohms) ; D = change in 
peripheral arterial pulse (counts/min. ) ; E = change in skin 
temperature (degrees C); and, F = change in respiratory 
frequency (counts/min.). 

FIG. 183 depicts changes in receptor potential of 
the VNO after exposure of 5 females to two different 
Androstanes . 

FIG. 184 depicts sexual dimorphism in local and 
autonomic responses to the stimulation of the VNO with 
vomeropherins . Various vomeropherins (200 f moles) and the 
diluent control were administered to 30 male and 30 female 
subjects (ages 20 to 45) as described. Bars indicate the 
mean response of the population, 

FIGS. 184A and 184B: EVG responses were measured as 
described in male (A) and female (B) subjects. 

FIGS. 184C and 784D: Electrodermal activity was 
measured as described. Changes (measured in xQ) in response 
due to delivery of vomeropherins to the VNO of each subject 
are shown in male (C) and female (D) subjects. 

FIGS. 184E and 184F: Alpha-cortical activity was 
measured as described. Changes in response due to delivery 
of vomeropherins to the VNO of male (E) and female (F) 
subjects. 
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FIGS. 184G and 184H: Skin temperature (ST) was 
measured as described. Changes in response due to delivery 
of vomeropherins to the VNO of each subject are shown in 
male (3) and female (H) subjects. 

The compounds, in the graphs are : 

A = 1, 3, 5 (10) , i6-Estracetraen-3-yl acetate 

B = Androsta-4, l6-dien-3-one 

C = 1, 3, 5 (10) , l6-Estratecraen-3-ol 

D o 3-Methoxy-Estra-1.3,5(10),i6-tetraene 
E = Androsta-4, 16-dien-3a-ol 
F = Androsta- 4 , 16 -dien-3/S-ol 



FIG. 185 depicts electro-olfactograms of male and 
female subjects induced by stimulation of the OE with 
olfactants and vomeropherins. FIG. 185A: 400 fmoles of the 

15 olfactants 1-carvone and cineole as well as 200 fmoles of 
the vomeropherins A, B, C, D and F; and the stereoisomer E 
were applied separately as one second pulses to the OE of 20 
subjects (both male and female) and each EOG response was 
recorded as described. The olfactants as well as E and B 

20 produced significant (p<0.0l) local response. FIG. 

185B: 400 fmoles of the olfactants l-carvone and cineole do 
not induce a significant EVG response when delivered to the 
VNO of male and female subjects. 



PIG. 186 depicts the electrophysiological effect of 
the following vomeropherins on the vomeronasal organ of 20 
female sub j ects : 

G » Androst-4-en-3-one 
H - Androsta-4,l6-diene-3,6-dione 
J - I0,17-Dimethylgona-4,13(17) -dien-3-one 
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K « 



L = 



1,3,5 (10) , 16-Estratet:raen-3-ol-mschyl ether 
1, 3 , 5 (10) , 16 -Escratet:raen-3-yl -propionate 



EVG = Electro-vomeronasogram 
GSR = Galvanic Slcin Response 



5 



a Electrodermal Activity, EDA 
ST = Slcin Temperature 



FIG. 187 depicts the electrophysiological effect of 
vomeropherins on the vomeronasal organ of 20 male subjects. 



108 through 112. 

FIG. 189 illustrates the steps of synthesis for 
Examples 113 through 118. 

FIG. 190 illustrates the steps of synthesis for 
15 Examples 120 through 121. 

FIG. 191 illustrates the steps of synthesis 
described in Examples 123 through 124. 

FIG. 192 illustrates the steps of synthesis for 
Examples 125 through 126. 
2 0 FIG. 193A shows the respiratory frequency and EKG 

data in females for tests of androsta-5 r l6-diene-3iS, 19-diol 
in the VNO. 

FIG. 193B shows the respiratory frequency and EKG 
data in females for tests of androsta-5, 16-diene-30, 19-diol 
25 in the VNO. 

FIG. 194A, 194B and 194C show the EVG, GSR, and ST 
data in women for four androstanes on the chart and 
androsta-5, 16-diene-3^, 19-diol , 



M = 1,3,5(10) -Estratrien-3-ol 



10 



FIG. 188 depicts the steps of synthesis for Examples 
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FIG. 195A, 195B and 195C show the EVG, GSR and ST 
daca in men for the five androstanes identified in FIG. 194. 

FIG. 196A and 196B show the EEG data in men and 
women for androstane A4/N3. 

FIGS. 197A and 197B show the EEG data in men and 
women for androstane A3 /N3 . 

FIGS. 198A and 198B show the EEG data in men and 
women for androstane A13/N1. 

FIGS. 199A and 199B show the EEG data in men and 
women for androst-5, 16-dien-3i3, 19-diol . 

FIGS. 200A and 200B show the EEG data in men and 
women for androstane A6/N3 , 

FIGS. 201A and 201B are traces of EVGs in the VNO of 
a male subject, tested with two vomeropherins (FIG. 201A) , 
and electrograms from the nasal respiratory mucosa (FIG. 
201B) using the same vomeropherins. 

FIG. 202 shows the dose dependent effect of two 
vomeropherins in male subjects. 

FIG. 203 shows the central nervous system reflex 
response of two vomeropherins . 

FIG. 204 shows the difference in testosterone levels 
in a subject administered in one visit a placebo {B curve) 
to the VNO, and on a second visit (A curve), the compound 
pregna-4,20 dien-3 , 6-dione . 

FIG'S 205, 206 and 207 show the data for the 
testosterone tests on three additional subjects given a 
placebo, in case B, and pregna -4, 20-dien-3, 6-dione in case 
A. 

Detailed Description of thP invention 

An "affect- is a transient feeling state. Typical 
negative affects are feelings of nervousness, tenseness, 
shame, anxiousness, irritability, anger, rage and the like. 
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"Moods" are longer lasting feeling states such as guilt, 
sadness , hopelessness , worthlessness , remorsef ulness , 
misery, unhappiness and the like. "Character traits'* are 
more permanent aspects of an individual's personality. 
Typical negative character traits are sensitivity, 
regret fulness , blameworthiness , stubbornness , resent fulness , 
bitterness, timidness, laziness and the like. 

The vomeropherins according to the present invention 
may have use for stimulating, through contact with the VNO, 
of one or more of the hormonal, behavioral and autonomic 
functions of the hypothalamus. Due to the predominant role 
played by the hypothalamus in a wide variety of internal 
body functions and the neural connection between the VNO and 
the hypothalamus, the vomeropherins according to the present 
invention are in a position to stimulate such functions as 
endocrine output control, for example, the control of the 
pituitary output of vasopressin and oxytocin as well as a 
number of other peptides. Vasopressin is an ant i -diuretic 
hormone because of its action within the kidney to enhance 
water uptake and to concentrate the urine. In addition, it 
has an action within the body to regulate blood pressure 
through its action on arterial smooth muscle and an action 
on metabolism through its enhancement of glycogen conversion 
to glucose in the liver. Oxytocin, receptors of which are 
found on uterine smooth muscle and on mammary smooth muscle, 
can cause milk letdown via contraction of the mammary smooth 
muscle and cause uterine contractions during birth. The 
hypothalamus also controls release of hormones from the 
anterior pituitary gland such as ACTH, prolactin, LH 
(Luteinizing Hormone) , GH {Growth Hormone) , TSH (Thyroid 
Stimulating Hormone), FSH (Follicle Stimulating Hormone) and 
beta-endorphin. Thus, for example, the ability to control 
LH secretion may lead to control of fertility, in females, 
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or testosterone production in males. Testosterone 
production may be utilized for treatment of conditions such 
as low libido in males or for treatment of muscle wasting 
diseases or conditions, such as aging. Testosterone 
reduction may be utilized for treatment of conditions such 
as prostate cancer. 

Control of behavior hypothalamic functions is also 
feasible by use of the voraeropherins according to the 
present invention. It is known that the hypothalamus 
controls such behavioral outputs as fear, rage, pleasure and 
circadian rhythms which regulate sleep and wakefulness. 
Other functions controlled by the hypothalamus include 
appetite, thirst, sympathetic functions such as, flight and 
fight, and functions such as cardiovascular control, 
thermoregulation and visceral functions such as control of 
the gut muscle and acid secretion for digestion. Thus, 
while there is a multitude of sensory inputs into the 
hypothalamus from various parts of the anatomy it is 
believed that the voraeropherins of the present invention 
provide, for the first time, a way of stimulating through 
the nasal cavity by inhalation to contact the epithelial 
cells in the VNO, a method of stimulating functions of the 
hypothalamus discussed above. 

"Pregnane steroids" are aliphatic polycyclic 
hydrocarbons characterized by a four- ring steroidal 
structure with a methylation at the 10- and 13-positions and 
ethylation (including unsaturated groups) at the 17- 
position. A pregnane is a subset of pregnanes commonly 
understood to mean that the compound has at least one double 
bond. Furthermore, all derivatives which have the 
structural characteristics described above are also referred 
to generically as pregnane steroids. 
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A "cholane steroid" is an aliphatic polycyclic 
hydrocarbon characterized by a four- ring steroid structure, 
with methylation at the 10- and 13-positions and a 2-pentyl 
group (including unsaturated groups) at the 17-position, 
5 A "chemoreceptor" is a receptor molecule displayed 

on the surface of a "chemosensory" neuroepithelial cell 
which binds in a stereospecif ic fashion to a particular 
ligand or ligands. This specific binding initiates a signal 
transduction which initiates an afferent nerve impulse. 

10 Chemoreceptors are found, inter alia , in taste buds, 
olfactory epithelium and vomeronasal tissue. 

"Pregnene steroids", as the term is used herein, are 
aliphatic polycyclic hydrocarbons with a four-ring steroidal 
structure, at least one double bond in the A- ring, 

15 methylation at the 10-position and 13 -position, ethylation 
(including unsaturated groups) at the 17-position and an 
oxo, hydroxyl or hydroxy! derivative such as alkoxy, ester, 
benzoate, cypionate, sulfate or glucuronide, at the 3- 
position. Derivatives which contain these structural 

20 characteristics are also referred to generically as pregnene 
steroids. 

The following structure shows the four-ring 
steroidal structure common to steroids. For illustrative 
purposes, a side chain on the D-ring is shown for pregnane. 
25 In describing the location of groups and substituents, the 
following numbering system will be employed: 
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"Sexually dimorphic" refers to a difference in Che effect 
of, or response to, a pharmaceutical agent between males and 
females of the same species. 

An "effective amount" of a drug is a range of 
5 quantity and/or concentration which brings about a desired 
physiological and/or psychological effect when administered 
to an individual in need of the drug. In the present case, 
a needy individual is one with a physiological or behavioral 
trait which is normally regulated by the hypothalamus and 

10 wherein it is desirable to affect the function of the 

hypothalamus or the trait. The effective amount of a given 
drug may vary depending upon the function to be affected, 
the desired effect, route of administration, and the like. 
For example, when the steroid is administered as a solution 

15 applied to the facial skin of a subject an effective 
concentration is from 1 micrograra/ml to 100 ^g/ml, 
preferably 10 to 50 ^g/ml and most preferably 20 to 30 
Mg/ml. When the steroid is introduced directly into the VNO 
an effective amount is about 1 picogram to about 1 nanogram, 

20 more preferably about 10 picograms to about 50 picograms. 
When the steroid is administered to the nasal passage, by 
ointment, cream or aerosol, or the like, an effective amount 
is about 100 pg to about 100 micrograms, preferably about 1 
ng to about 10 micrograms. It follows that some drugs may 

25 be effective when administered by some routes, but not 
effective when administered by other routes. 

The "hypothalamus" is the portion of the 
diencephalon comprising the ventral wall of the third 
ventricle below the hypothalamic sulcus and including 

30 structures forming the ventricle floor, including the optic 
chiasma, tuber cinereum, infundibulum, and mammillary 
bodies. The hypothalamus regulates the autonomic nervous 
system and controls several physiological and behavioral 

- 27 - 



wo 97/36596 



PCT/US97/06061 



functions such as the so-called fight and flight responses, 
sexual motivation, water balance, sugar and fat Tnetabolism, 
hunger, regulation of body temperature, endocrine 
secretions, and others. The hypothalamus is also the source 
5 of vasopressin which regulates blood pressure, and oxytocin 
which induces parturition and milk release. All 
hypothalamic functions are potentially modulatable by the 
vomeropherin therapy described herein. 

A "ligand", as used herein, is a molecule which acts 

10 as a chemical signal by specifically binding to a receptor 
molecule displayed on the surface of a receptor cell, 
thereby initiating a signal transduction across the cell 
surface. Binding of ligands to chemosensory receptors can 
be measured. Chemosensory tissue, such as vomeronasal 

15 neuroepithelium or olfactory neuroepithelium, contains a 
multiplicity of neuroreceptors cells, each displaying at 
least one cell surface receptor. Many of the receptor 
molecules have identical ligand specificity. Therefore, 
when the tissue is exposed to a ligand for which it has 

20 specificity (for example a exposure of the VNO to a 

vomeropherin) a summated change in cell surface receptor 
potential can be measured. 

As used herein, "lower alkyl" means a braced or 
unbranched saturated hydrocarbon chain of 1 to 4 carbons, 

25 such as, for example, methyl, ethyl, n- propyl, i -butyl and 
the like. "Alkoxy" as used herein is used in its 
conventional sense to mean the group -OR wherein R is alkyl 
as herein defined • 

A "pheromone" is a substance that provides chemical 

30 means of communication between members of the same species 
through secretion and peripheral chemoreception. In mammals 
pheromones are usually detected by receptors in the 
vomeronasal organ of the nose. Commonly, pheromones effect 
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development, reproduction and related behaviors. A 
"vomeropherin" is a more general terra which includes 
pheromones and describes a substance from any source which 
funcrions as a chemosensory messenger, binds to a specific 
vomeronasal neuroepithelial receptor, and induces a 
physiological or behavioral effect. The physiologic effect 
of a "vomeropherin" is mediated through the vomeronasal 
organ. 

A picogram (pg) is equal to .001 nanograms (ng) . a 
ng is equal to .001 micrograms (^g) . A ng is equal to .001 

mg. . 

■ Modes for Carrying Out th^ Invents inn 

A- Steroids useful in the TnvPTi^;^r^p 

The invention is directed to a group of certain 
steroids. 

Syntheses are described herein for the following 
compounds as designated on the chart: 

Chart 1 includes pregnanes to which the invention is 
directed, but do not limit its scope. The synthesis 
diagrams that follow depict intermediate and substructure 
syntheses for the preparation of these pregnanes: 
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stmsTBOCTOPK gYNTHWBil 
R«f«rrin9 to th« pr^ctdlng tabl«, th« following tf 
exMplary Bynthaacs for intonodlataa in « giv«n row 

(Al through A13) or eoluan (Pi through Pt) . 

SUBSTRDCTOBg flYtlTH»«M. ^^f^ ^ 

Al: 



Parcy L. Julian. Edwin w. Nayar and Balan c. Printy. 
J. AMr. Cbaa. Soe., 1941, 70, 3, at?. 



Alae a conareially avallabla aubatxuctura, for 
10 axaapla, 17a-«thynyltaatostaroiM. 
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A2: 



Thl« i« • «w««rci*lly «v«ll«bl« •ub.tructur., for 
•xaapl«» d«hydro«pi*ndro«t«roii«, pr««]MiioloiM. 



5 oavld 6. Lou,hh««l, J. org. Cb»m.. IMS. VI. 50, Ko. 

20, p. 3»31- 
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A4: 



..cb 



UlCHfCHJCHTCHAI^H 



mCH(CHJCH(CHihhBH 

HOT 




X.Z. Taborm, Q. Xhuenf-Buu, and k, Pancrasl, 
Ttttrah«dreii* I97t, Vol. 34, p. 2t07. 
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AS: 




I. Doxy, G. Ssabo and P. Opoesky, Acta Chim, Bunq., 

Vol. 20 r p. «7 (l»Sf). 

Bttrnhard Xriogw, Egburt Bl«fik«, «M SMnuol K«sp«r, 
5 fioraan Patont l«397,«03 (19<9)« 
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A6: 



.Xp waw , Xy 



(Ml 




Alan N. KrublnMT, Nenan Gottfriad, and Eugana p. 
Olivate, J. ory. Cb«a., 1969, ii, 3S02. 



Kobarte Seiaky and Albarto Conaannl, 6as«. cbia. 
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|AeM»«(A« (AT) 



Ml 



JAl) (Ml 



vi«4i>ir P«trov, Ytttth-flha if«ii«« L«en Lack, Av«ry 
5 s«A4bMr«« Nobuyukl KAdohaM, «nd Mltb K«ndl«« 
5t«roid Bioetea., ifts, lf« 1491. 
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At: 



Xp , 

WW (Mt 



Stavwi R. Schov and Trevor C. McHorrls, Stmroidm, 
1977, Vol. 30, No. 3, p. 3tf. 

Also a conorclally availablo sutetnieturo, for 
5 oxuplo, I7a-«tliynyldihydrotootootoron#« 
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I 

M 

This is • coaa«rei«lly milabla •ub«tnictur«, for 
•xampl«r pr«9nanolon«# androst«ren«. 

Also! 

(Ml 

5 j.M. Kohli, k ZaMii and A.*. Ki<Mai, Wjrtoch««I«try» 
1971, Vol. 1P# p. 



AlO: 
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All; 



(All) 



Pr«dttrlele Brown and Carl Oj«r«s«i, J. Ammr, ChM 
Soe,, 1980« 103, I, 107. 



S A12: 



(All) 
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(AMI 
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Ajay X. Bos« and N.G. stainbarg, Synthmmi§, 1970, p. 
S95. 

S stavMi s. Sehow and Travor C. McNorriii, steroid*, 
1977, vol. 30, Me. 3, p. 3t9. 
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92 1 




Ronald Br«slev and Loui« M. IUrMe«« r«tr«h«droa 
L^tfrt, 1977, Mo. 7, p. «a3. 



Br»j» «. H««r«, v«nd«n« S. tot; Padaakar L. Joabi, 
5 J. chaa. 50C., Pmrkia Trum I, l»«3, (15), l8i»-2a. 

Also a coHMreially avallabla aubatruetura« for 
axaapla* 5a-pragn-l7(ao)-aii 3^-ol (Staralold«) i 
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P3: 



This is a cousreially «v«ilibl« substructurs, 
for txmapU, prsgna-S, l<^iMi*3/9*ol (Steralolda) . 



Wh«n coHMrcially unavail4bl«, synthesis 
5 proc««d9 as bslov: 




John P. Dussa and Vsrnsr Bargun, J. Or^, Chmm.^ 
I960, 25, 79. 
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P4: 




C.w. Shopp««, Ruth B. L«cJe, *nd B.C. Navaan, , J. 
Ci)«a. Soe,, 1964, p. 33M. 

Alto a co»relally avallabl* subatructura, for 
S axaapla, 5o-pragn«n-3tf-ol (Staraloida) « 
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PS: 




Alan N. Krobint, NerMJi Gottfried, and Eugan* P. 
Olivato, J. Or7. cifm,, 19€9, Vol. 34, Ke. ii, p. 
3503. 



5 P«t 



Eugana P. Ollvato, Corrlaa Garold, and Lola Johnaon, 
J, Am, CAaa. SOC., 73, 5073. 

- 4S - 
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P7S 




Pi«rr« Cr«bbl« and Ksp«rM<« V«lard«« U.S. Patent 
3,6tl,4I0, 1972. 
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Maym Dvolaltsky Anna M. Giroud, and Jma Jacques^ 
Bull. 5oc« Chim. Frmncm, 1963, «3« 

Pr«neh Patmt l«S3<«034r I9M. 
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For substructurM PI, PA, and PS, thm norMl 
configuration at thm 17 -position im Hovovor, tho 
corrosponding l?a analog aay alao b« praparad by 
5 uaing iTa^pragnolon^ as tha starting aatarial. Por 
axaapl«: 

Alan M. Krubin«r, Herman Cottfriad, and Eugana P. 
oilvate, J. Org. Chmm,, 19«J, Vol. 34, Mo. 11, p. 

3502. 
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The fol loving ■•thodelogy anablts • Mthyl group 
to b« plAcad at th« 20-position vhanavar allowed by 
th« •tructura, naaaly with Pi, pj, ps, P4 and P«: 




s J. Bryan Jonas and Xaith 0. Gordon, Caa. J, cft«a.« 
1973, vol. SO, p. 2712. 
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O.S. Patmt 3,611,410 tMChM praparation of 
6a-a«thyl analogs: 



0.8. P«t«Bt ),492,31t tMChM pr«p«ratlen of It- and 
s ai-Mtbyl AMlofst 
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Certain ■•thyl«t«d pr«9n«nol n« pr«cur« rt «r« 
coBMreUlly «v«il«bl«, vis €, l«a(^)-B«thyl! 






IB addition 17« -■•thylpr«gn«iolon« im r««dlly 
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Th«r«f rt, coapoundt synth ais^d froi pfgn%n 1 
My ala bm praparad vith aathyl groupa at th 

r 17 poaitlona by uaing tha appr priat 
aathylpragnanolona praeuraor. 

S Disathyl coBpounda^ audi aa thm daacrlbad if, 21- 
diBathylpragna*4,l<-dlan-20<»yn»3«ona, say ba praparad 
by ona of thraa ganaral aathodas 

Tha flrat aathod coabinaa a Mthylatad praeuraor, 
such aa thoaa in tha €, 1</ or I7*poaltiona, vlth 
10 aathodology vhlch introducaa a aathyl group, auch aa 
in tha 30«poaition. 

Tha aacond aathod uaaa a diaathylatad pracuraor, auch 
aa tha coaaaroially availabla €, Ka * 
d iaathy Ipr agnanolona • 

IS Tha aynthaaaa of othar diaathylatad pragnanolona 
pracuraora hava baan daacribad, aa in tha folloving 
axaaplaat 



^^^^^ 



SylvMtr* Julia, Col«tt« M«uvlll«, aM Pl«rr« Simon, 

nil, atie. e%im. rranem. 14tg. 
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Elliot Shapiro, Thoodoro Lo^att, Lois Wabar, Marl 
Stainbar9f A. Hatniek, M. Bialar, Marilyn Gilsora 
Hannasaay» C.T. Coni9lier W. Chamay, and Eu9ana P. 

i;^]^ YiitQ. .f . Pharm. Chmm. 19ti. S. 978. , 




s Jaaaa Caima, Colin L. Ravatt« Robart T. Le^an, 
Gaorga McGarry, Donald f. M. Stavanaon, and Gilbart 
r tf^«- ^.g^. Pmrkin T. 197g. IHI. 

R. oaqtaanghi and R. Gaudry, J. Aaar. Chaa. See,, 
lift], iMt — 
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British PatMt 927, S19: 




Roaano D#9hMi9hi and Rogar Gaudry, TmtrMbmdron 
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W. J. Ados, P4t«l, V. Pttrov, I. A. Stuart- 

whh. and n, ^^Mraman. J. Chmm. Soe.. 4490. 

Th« third aothod starts vltb an unaathylatad 
praeurser, such as pragnanolona, and utllisas 
5 aathodology which introduces two aathyl groups, as in 
ths following axaaplat 




Ths 20, ai-diBSthyl prsgnanas ara also known as 
24-noreholanss. 24-norcholanss say altarnativsly b« 
praparsd by dsgradatlon o£ a cholans pracursor, as in 



10 ths following sxaaplst 



t IBM 



Yutaka Birano, Tadashi Bguehi, Kasajl Xshigao, and 
HTTtn ir T*"** *" P*^»rm, Bull.. HM . n(2) * 
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HALQPRECMAMM 



U.S. Pat«nt 3,<tl,410 t««ch«s th« prapartti n of: 
/ / / 





Oarak R* R. Barton, Gaor^a Baalilardaa and Jaan-Louln 

S rauffv. VtrmhmdroB Lmttmra. vol. 24. laoa. 
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Biao JUng •ni Yuanyae Xu, ftrmhmdrea L»tUr», 1992 < 

TTTli Tti — 
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Certain n«thylat«d prc9n«nolon« precursors sr« 
coinn«rcislly available, via €, 16a(5)-B«thyl: 




In addition i7o •mathylpragnanolonw is raadily 
availabla: Franch patant 1,369,191: 




Tharafera, coapeunds synthasiiad frea prafnanolona 
aay also ba praparad with aathyl groupa at tha «, i€, 
or 17 positions by using tha appropriate 
■athylpragnanolona precursor. 
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CBAftT It 
CHOLANES 





2 


3 


. 4 


5 


6 


7 
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I 
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!^l, ipSTRUCTURE SYNTHESES 

Referring to the preceding table, the following are exemplary 
syntheses for the substructures in a given row (A1 through A13) or 
column (CI through C7). 

fSIIRSTRUCTURE SYNTHESES: TYPg A 

All 




See Example. 



621 

This Is a commercially avaiiabi* substructure, for example 
PREGNENOLONE. SnCMASTEROC CHOLENIC ACID. 
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Alii 



PttStOgH 





See Example. 
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<;i]BSTRUCTURE SYNTHESES: TYPg C 

Oil 




J. P. Schmit, M. PIraux, and J. F. Pilette, J. Org, Own, 1 975, Vol. 4a- 
No. 11. p. 1586. 




W. Bergmann and J. P. Ousza, J. Org. Cheat, 1958. Vol 23. p. 1245. 
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1. UAIH4 

2. TlQ 

3. UAIH4 



COaH 1. UAIH4 
Z TtCI 
3. LiAIH4 



AcO 



J. E. van Uer and L L Smith, J. Org. Chem., 1970. Vol. 36. No. 8. p. 
2631. 




1. BUU 

2. MH 




(CO 



1. BuU 

2. Mil 

3. TtOH 




A. Burger. F. Colobert. C. Hetru. and B. Luu. Tetnlwdron. 1988. Vol. 



- €6 - 
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^ jnss 



(UM U— S — tofCT) 



TBOMSO 




1. U— a—TMS 

2. KiCOa 

3. UAIHVAlOs 

4. BU4NF 



(24-NOHC7) 




A Burger. J-P. Roussel. C. Hetru, J. A. Hoffmann, and B. Luu. 
Tetrahedron. V989, vol. 45, NO. 1. p. 155. 
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?^.M9ttCHQLANFS and 24-METHYLCHQLANgS 



Structures with the side chain shortened or lengthened by one carbon 
atom at the 24-po$ition may be prepared using analogous 
methodology. 23*Hethylcholanes are also available by similar 
means. Examples follow. 




23-METHrL 24-METWL 



J. P. Schmit, M. PIraux, and J. F. Pllette, J. Org. Chem., 197S, Vol. 40, 
No. 11. p. 1586. 

244CTHVL 

Y, M. Sheikh and C. Djerassl. Steroids, 1975. Vol. 26(1), p. 129. 

234C1WL 24-ME7WL 



M. Horisaid, H. Shibata, C Ouque, N. tmamura, and N. Ikekawa, Chen 
Pharm. BulL, 1 980. Vol 28(2). p. 606. 
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D H. R. Barton. J. Boivin. 0. Crich. and C. H. Hill. J. Chem. Soc. Perkin 
rraiis. /. 1986. p. 1805. 



zZnOR 244CTWL 

A. Burger. F. Colobert. C. Hetru. and B. Luu. Tetrahedron, 1988. Vol. 
44. No. 4. p. 1141. 



B. M. Trost. It J. Kulawiwr. and A. Hammes. Tetrahedron Letters, Vol. 
34. No. 4, p. 587. 



24-NOII 

A. Burger. J-P. "oussel C Hetm J. A. Hoffmann, and B. Luu. 
Tetrahedron, 1989. Vol 45. No. 1. p. 155. 
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C. Svnchetic Method;^ 

1. Preparation of 3-, 6-, 19-, 20- and 21- 
position derivatives. 

The compounds used in che methods of this invention 
are pregnane steroids substituted at the 3-, 6-, 19-, 20- 
and 21- positions. Many of the 3 -substituted steroids are 
known compounds which may be derived from 3-oxo-steroid3 . 
As shown in Figure 1, prena-4 , 20-diene-3 -one (i) can be 
converted to a 3, 5, 20-triene ether (2) or 1, 4, 20-trien- 
3-one (1), which are respective starting materials for 6- 
and 3- substituted hydroxy derivatives. 

Alkoxy derivatives are prepared from their 
corresponding hydroxy steroids by reaction with an 
alkylating agent such as trimethyloxonium f luoroborate, 
triethyloxoniura fluoroborate or methylf luorosulf onate in an 
inert chlorocarbon solvent such as methylene chloride. 
Alternatively, alkylating agents such as NaH, KM or KOBut, 
silver oxide or barium oxide in polar, aphotic solvents as 
for example, DMF, DMSO and hexamethylphosphoramide . 

General procedures for synthetic reactions of 
steroids are known to those skilled in art. Where time and 
temperature of reactions must be determined, these can be 
determined by a routine methodology. After addition of the 
required reagents, the mixture is stirred under an inert 
atmosphere and aliquots are removed at hourly intervals. 
The aliquots are analyzed by chromatography to monitor the 
disappearance of starting material, at which point the work- 
up procedure is initiated, if the starting material is not 
consumed within twenty- four hours, the mixture is heated to 
reflux and hourly aliquots are analyzed, as before, until 
the starting material disappears. In this case the mixture 
is allowed to cool before the work -up procedure is 
initiated. 
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Purification of the products is accomplished by 
means of chromatography and/or crystallization, as known to 
those skilled in the art. 

2. Preparation of 19 -OH derivatives. 

5 Synthesis of i9-OH-preqna-4. 17-diene-3-one . 

A method of synthesizing this compound is provided 
in SCHEME 3, 

In the following chart III, particularly preferred 
19 -nor -pregnanes are shown. 
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<^ttB<-nmcn]RF syntufses: typf p 

111 




Frank B. Colton. Leonard N. Nysted, Byron Riegd. and Albert L Raymond, J. 
Amer. Chem. Soc., 1957. Za. 11 23. 

Also a commercially available substructure, for example 17 a-ETHYNYL-- 
1 9-NORTESTOSTERONe. 



-00 

This Is a commerdany available substructure, for example ESTRONE, 
ETHYNYUSTRADIOL 
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£21 



.XX) 



U(Bu'0)iAlH 



(ED 



(E3) 



1 J 1 U(8i/0)3AIH 



Pierre Crabbie. U.S. Patent 3.492.3 1 8, 1 970. 



£1: 



TNs is a commerciaiiy available substructure, for example 
6-OEHYOROESTRONE. 
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jCO oCO 

(E13) (E5) 



See Example 



(Acatat* of E2) O 

(Acatats of E8) 




^^^^ AeO 




See Example. 
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OM 

(£13) (E7) 

See Example* 
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EB: 



MtO 



(ES) 

(Mftinyi ciTMr of E2) 

0. 1. Fedorova. 0. S. Anisimova, and G. S. Grinenko, KNm. Prir. Soedin ., 1 976. 
a. 1 80. 




Frank B. Cdton, Lenoard N. Nystcd, Byron Riegel, and Albert L Raymond, J. 
Amer. Chem. Soe., 1 957. Z2. 1 1 23. 

ES; 

o 

TWs is a commercially available substnjciure, for example EQMIUN. 



wo 97/36596 PCT/US97/0606I 
PlOr 



x6^ 



MO' 

This a commcrdaJly available substructure, for example EQUILENIN. 



ELL 



HO' 

<E13> (Ell) 



MO' 

See Example. 
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112; 




SeeExanptc 
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tUIRjrrPUmWP SYNTOPSgS: TYPg P 

El: 

0. 1. Fedorova, 0. S. Anisimova, and G. S. Grinenko, KNm. Prir. SoecSn. . 1976, 
2. 180. 




Richard H. Peters. Oavid F. Croww, MKchefl A. Avery, Wesley K. M. Chong, 
and Manto Tanabe, J. Med. Otent, 1 989, 22. 1 642. 

Also See Exampieu 
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Frank B. Cdton, Leonard N. Nysted, Byron Riegd, and Albert L Raymond, 
Amer. Chem. Soc., 1957. 79 11 23. 



o 



PI>,P-CHCHs 



HO 




Richards H. Peters. David F. Crowe. MitcheO A. Avery. Wesley K. 
and Masaio T««b«, JL M«l Cham, 1 989. 32. 1 642. 



M. Chong, 



82 
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E2: 



H. Kaufmann, P. Widand, and J. Kaivoda, We/v. Cftm Acta. , 1972. S5f2) 
381. 




£4: 

V 



6 



MiO 



0. 1. Fedorova, 0. S. Anisimova, and G. S. Grinenko, KNm. Piir. Soedn 1 976. 
Z, 180. 
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Hj/Pd 



HO*^**^^ MO 



Richard H. Peters, David F. Crowe. Mitchell A. Avery, Wesley K. M. Chong, 
and Masato Tanabe, J. Med. Chem., 1 989, 2Z, 1 642. 



4. 



rv8uU 




MO^****^^^ MO 



Peter Kaspar and Herbert Wit2d, J. Steroid Blochem ., 198S, Vd. 23, Na 3, 
p. 259. 
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Y Y Y f 




1 N}>VEi,N 

3. KOH . , , 

Richard H. Peters. David R. Crowe, Mitchdl A. Avery, Wesley K. M. Chong 
and Masato Tanabe, J. Med. Chem., 1989. 2Z, 1 642. 



efi: 



\5 



(P8) 



Frank B. Coltoa U.S. Patent 2.840,582. 1 958. 



- 85 - 



wo 9706S96 



PCTAJS97/06061 



EZ; 

11 

V 



6 

V 1 

^ ^ 



{FT) 



Pierre Grabble and Esperanza Velarde. U.S. Patent 3.681 ,41 0. 1 972. 

Peter Kaspar and Herbert Witzd, J. Steroid. Bioehem ., 1985, Vol. 23, No. 3, 
P. 259. 
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4. 



\0H TsOM/Ac^O 11 



,jdj^ j:iS^ 



Pierre aabble. U.S. Patent 3.492.3 1 8. 1 970. 



MaO 



Klaus Prezewowsky and Rudolf Wiechert. U.S. Patent 3.682.983, 1 972. 



- 87 - 



wo 97/36596 



PCT/US97/06061 



IS^orpregnanes in this series may be prepared with a methyl youp 
in the 6«. 7a. 1 8, 20. or 21 positions. 



U S patent 3.681.410 teaches preparation of 6o-methyl analoys. 

/ 



U.S. Patent 3.682.983 teaches preparation of IS^ethyt analogs. 
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U.S. Pattnt 3.492.31 8 teadies preparation of 7a. 18. and Zl-fnetftyl 
analogs* 




MO 




21 -methyl analog: 




V OAe 



UMHt/MCH 



L. A. Van DIjde, B. J. Lankwerden, J. 6. C M. VernMtr. and A. J. M Weber. 
RmeL Trr ^ Chim. PMvit^Ma Bala. 1971. 90. 801. 
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Richard H. Peters, David F. Crowe, Wtchell A. Averey, Wesley K. M. Chong. 

and Masato Tanabe. J. Med. Chem.. 1989. 32. 1 642. . 

In addition certain methylated precursors are commercially available, 
for example 

7«4«THnJESTR0NI NOWESTRa 

From these, 7o-methyl or 18- methyt analogs may be made of 
substances wherein estrone or l7a-ethynyl-l9-nortestosterone 
(norethlndrone) are the precursors, rt pectively. 
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U.S. Patent 2,840,582 teaches the preparation of: 




U.S. Patent 3,661,410 teaches the preparation of: 




Richard a Peters, Oavid F. Crowe, MitcheR A. Avery, Wesley K. Nt Oiona and 
Masato Tanab*. J. Med. Ch^.. 1 9M. 3?. i ttA9 
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Alkoxy derivatives are prepared from their 
corresponding hydroxy steroids by reaction with an 
alkylating agent such as trimethyloxonium f luoroborate, 
criethyloxonium fluoroborate or methylf luorosulf onate in an 
inert chlorocarbon solvent such as methylene chloride. 
Alternatively, alkylating agents such as alkyl halides, 
alkyl tosylates, alkyl mesylates and dialkylsulf ate may be 
used with a base such as NaH, KM or KOBut, silver oxide or 
barium oxide in polar, aphotic solvents as for example, DMF, 
DMSO and hexamethylphosphoramide , 

General procedures for synthetic reactions of 
steroids are known to those skilled in art. Where time and 
temperature of reactions must be determined, these can be 
determined by a routine methodology. After addition of the 
required reagents, the mixture is stirred under an inert 
atmosphere and aliquots are removed at hourly intervals. 
The aliquots are analyzed by chromatography to monitor the 
disappearance of starting material, at which point the work- 
up procedure is initiated. If the starting material is not 
consumed within twenty-four hours, the mixture is heated to 
reflux and hourly aliquots are analyzed, as before, until 
the starting material disappears. In this case the mixture 
is allowed to cool before the work-up procedure is 
initiated. 

Purification of the products is accomplished by 
means of chromatography and/or crystallization, as known to 
those skilled in the art- 
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KNOWN O' 



^V"'^" " 



HO-^ HO^ „0^ ^ 



10 



L KNOWN I I M«0 



11 



12 



KNOWN 



HO*^^ 



HO^^ 



OH 
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SURSTROerURE SYMTHgSP*^ 

R«f«rring to tti« praeading tabla, tha f 11 wing ara axaaplary 
synthasas for intarmadiatas in a givan row (Ei through E12) or 
coluan (NX through N4) . 

TYPt E 



El: 



E2: 



.do 



1. U/NH 



(Mathyl athar of E2) (El) 



HO 



HO 



Coauiarcially availabla substruetura, for axanpla, ESTRONE. 
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E3: 



H 



HO 



(El) 



LiAIH 



HO 



(63) 



UAIH 



64% 



HO 



JMM R. Bull and Jan Floor, J. ch.«. soc. Parkin I, 1977 (7), 



E4: 



HO 



jCO 




Coaaarically availabla aubatructura, for axampla, 

e-OEHYDROESTRONE . 
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E5: 

.CO 



1. It 




V. I. M«l'niRova and K. K. Pivnitskii, Zhurnal Orgainickaskoi 
Khisnii, 1974, vol. 10, No. 5, pp. 1014-1019). 

E6: 




(Acetate of E2) (Acetate of E6) 




0 



Hlderoahi Takagi, Ken-ichi Konatsu, and Itsuo Yoshisawa, 
Steroids, 1991, Vol. 56, p. 173. 
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E7: 

OH 



XD 

M«0 

(E8) 



1. O^Av OH 



(E7) 

OH 



OH 

1. O^h^ ahf^>L\ 



Mich«l Maun«y and Jaan Rigaudy, Bull. Soo. Chi«n, 1976 
No. 11-12, 2021. ' 



£8: 



M«0 



^ ^-CO 

(Methyl ether of E2) ^gg^ 

U/NH, 




MeO 



K. J. San, R. H. Blank, R. H. Evans, Jr., L. I. Faldaan, and C. 
E. Holmbund, j. org. Chaa., 1964, 2351. 
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Commercially available substructure, as in EQUILIN. 



ElO: 




Commercially available substructure, as in EQUILENIN* 
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Ell; 



XX) 



MeO 



XX) 



(EB) 




1. H* 

2. LiAIH 



(Ell) 



1. H* 

2. UAIH 




MeO 



A. N. ChTkasov, A. M. Ponomarev, and K. K. PivnitsJcii. Zhurnal 
OrganiskMicoi Khimii, 1971, vol. 7, No. 5, pp. 940-947. 



£12: 



HO 



OH 



MeO' 
(Mdhyiethef dE61 



1. NaBH, 

Z SOa/Pyridin e 



MeO'^'^^Y 
OH 

(Methylether of E12) 



MeO 




1. NaBH« 

2. SO ^Pyridine 



MeO 




Hid«to«hi TaJcagi, Kan-ichi Komat.u, and Itsuo Yoshisawa 
Steroids , 1991, Vol. 56, p. 173. 
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Nl: 

b 

^ ^ H^uL* ^ 




N2: 



HO HO 



HO HO 

1. Rob«rt H. Shapiro and Carl Djera««i, J. Am, Chma. Soc. , 
1964, 2825. 

2. Pilar Lup6n, Francss C. Canals, Ar»«nio IglMias, Joan C. 
Fcrrar, Albert Palomar, and Juan- Julio Bonat, J. Org. Cham. 
1988/ £1, 2193-2198. 
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O 0 



(N3) 



HO HO 



HO HO 

1. Gttnth«r Pr«fahl, Kurt Ponold and Hans Schick, Barieht*, 
19CS, 604. 

2. Richard H. Patars, David P. Crows, Mitchall A. Avary, Waslay 
K. M. Chong, and MasaXo Tanaba, J. Mad. Cham., 1989, 3Z, 

M4: 

OTt 



6 

COLUOINe 



m 



M«0 



1. Franz Sonhainar, 0. Honcara, M. Viquiza « G. Rosanlcranz 
(19SS) J. Ab. Chan. Soc. 1Z:414S. 

2. williaa F. Johns, J. org. Cham., 196X, Z&, 4583. 
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Harold J. Nicholas, J. Org. Ch«m. , 1958, il, 1747. 




Richard H. Patsrs, David F. Crows, Mitchall A. Avary, Waslay K. 
H. Chong, and Masako Tanaba, J. Mad. Chaa. , 1989, U, 1642. 




(RACEMIC) 



MeO 

M. B. Graan and F. J. Zaalan, Tatrahadron Lettars, 1982, 
Vol. 23, No. 35, pp. 3611*3614. 

Synthasisabla coapounds tharafora includa thaaa, togathar with 
thoaa darivad froa thaa; i.a., 17-Mathyl-Hl, 17^-Mathyl-N2, or 
14a-Hathyl*N4 , incoabination with El, £2, E3^ E5, £6, E7, E8, 
£11 or £12. 
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C«org« A. Bo8w«ll in pat«nt C.A. 70:58l40g, following. 




C. Miebattl Blackburn, Brian P. Taylor, and Andraw P. Worrall, 
Journal of Laballad Cospounda and Radiopharaacauticals. 1986, 
Vol. XXIII, NO. 2, p. 197. 

synthaaiaatola compounds therefora includa thaaa, togathar with 
thoa. dariv«d fron tham; i.,., i7-Fluoro-Nl in combination with 
El, E2, E3, E5. E6, E7, Ell or EX2 . In addition, 17-lodo-Nl in 
combination with E2, E6 or E12. 
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Br 




European Patent Application EP 208,497. 

Synthesizable compounds therefore include these, 
together with those derived from them; i.e., (4-Chloro, 4- 
Brorao, 6a-Chloro, 6a-Bromo, 6/S-Chloro, S^S-Bromo, or 6)3- 
5 lodo) -Al in combination with Nl, N2, N3, or N4 . In 

addition, (17-Fluoro, 17-Chloro, 17-Bromo, or 17-Iodo)-Nl in_ 
combination with Al, A2, A3, A4, AS, A6, A8, A9, AlO or All. 

C. Synthetic Methods 

1. Preparation of 3-. 5-, 6-. 18- and 19- 

The compounds used in the methods of this are 
Androstane steroids substituted at the 3-, 5-, 6-, 18- and 
19- positions. Many of the 3- and 5 -substituted steroids 
are known compounds which may be derived from 17 -hydroxy- and 

15 17 -oxo- steroids (commercially availad^le e.g. from Aldrich 
Chemical Co.) by elimination or reduction to the A16 
homologue. The syntheses of most of these compoxinds are 
described by Ohloff (auBta) • As shown in FIG. 1, 17/3- 
hydroxy- Sa-Androstan- 3 -one (I) and methyl chlorof ormate (a) 

20 in pyridine gives the methyl carbonate, 17j8- 

methoxycarbonyloxy-5a-Androstan-3-one (II) which provides a 
starting material for the Sat-Androst-lS-en- {3-one and 3-ol) 
{Ohloff, aUESa at pg. 200) . 
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Alkoxy derivatives are prepared from their 
corresponding hydroxy steroids by reaction with an 
alkylating agent such as t rimethyloxonium f luoroborate, 
triethyloxonium fluoroborate or methylf luorosulf onate in an 
inert chlorocarbon solvent such as methylene chloride. 
Alternatively, alkylating agents such as alkyl halides, 
alkyl tosylates, alkyl mesylates and dialkylsulf ate may be 
used with a base such as NaH, KM or KOBut, silver oxide or 
barium oxide in polar, aphotic solvents as for example, DMF, 
DMSO and hexamethylphosphoramide . 

General procedures for synthetic reactions of 
steroids are known to those skilled in art. Where time and 
temperature of reactions must be determined, these can be 
determined by a routine methodology. After addition cf the 
required reagents, the mixture is stirred under an inert 
atmosphere and aliquots are removed at hourly intervals. 
The aliquots are analyzed by chromatography to monitor the 
disappearance of starting material, at which point the work- 
up procedure is initiated. If the starting material is not 
consumed within twenty- four hours, the mixture is heated to 
reflux and hourly aliquots are analyzed, as before, until 
the starting material disappears. In this case the mixture 
is allowed to cool before the work-up procedure is 
initiated. 

Purification of the products is accomplished by 
means of chromatography and/or crystallization, as known to 
those skilled in the art. 

2. Preparation of 19- OH derivatives. 
Synthesis of 19-OH>Androsta- 4 . 16>dien^. ^-9ny . 

This compound has been disclosed as an intermediate 
in the synthesis of 19-oxo-3 -aza-A-homo-SB-androstane 
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(Habermehl, et al . . Z. Naturforseh . (^<i^n^ 15^:191-195). a 
method of synthesizing this compound is provided. 
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UQVrL AWDRQSTJIWPfl 

l7-MErHYLEHEAHDROST-4-EN-3a-OL (A4/K3) 
17-MET!rfL£KEWIDROST-4-EM-3tf-OL (A3/M3) 
6fl-HYDROXYAHDROSTA-4 , lfi-OtlW-3-OHE (A13/N1) 
5 65-HYDROXY- 17 -METHYL- 18 -KORANDROSTA-4 , 13 (17) - 

01EH-3-OME (A13/H4) 

ANDROSTA-S, l6-DIEH-3/J,19-DIOL (19-HYDROXY 
DERIVATIVE OF A3/Ifl) 

17-METRYLElfEAHDROST-4-ENE-3,6-OIONE (A6/N3) 
10 17-MET!nfL-l8-MORAMDROSTA-4 , 13 (17) -0IEH-3a-OL 

(A4/H4) 

17-METHYL-18-MORAMDROSTA-4 , 13 (17) -0IEM-3tf-OL 
(A3/K4) 

17^-METHYLAHOROST-4-EME-3 , 6-OIOHE ( 170 METHYL 
15 d«rivativtt of A6/N2) 

3-METHOXY-17-lCETHYLEHEAllDROSTA-3,5-OIENB (A8/N3) 

«/3-RYDROXY-17-METHyLEHEANOROST-4-EH-3-ONE 

(A13/N3) 

17-METHyiJDnUllDROSTA-l,4-DIEM-3-ONE (A11/N3) 
20 6i9-HYDROXYAMDROSTA-l,4,16-TRIEM-3-ONE (6^- 

HYDROXY durivativ* of All/Nl) 

6^-HYDROXY-17-METRYLENEANDROSTA-l , 4-0IEH-3 -0 MB 
(6^-HYDROXY darivatlv* of A11/N3) 
17^-METHyLANDROST-4-EN-3a-OL (17i8-KETRYL 
25 dariva^iv* of A4/N2) 

17^-METHYLAMDROST-4-EM-3/}-OL (17/J-METHYL 
darlvativ* of A3/N2) 

3-NETHOXY-17-I1ETHYL-18-KORANDROSTA-3 , 5 , 13 ( 17) - 
TRIEHI (A8/1I4) 
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Referring co the preceding CHART V, the following 
are exemplary syntheses for intermediates in a given row (Al 
through All) or column (Nl through N4) . 



5 

AI: 



0 

(A2) (Al) 



A2: 



HO' 

This is a conimercially available substructure, for 
example, DEHYDRO EPI ANDROSTERONE . 
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A3; 



.cb „xb 

(A1) (A3) 

O HO 

(Michio Mataui and David K. Fukushima, J. Pro rhmJ f^^ 
1970. Vol. 35, No. 3. p. 561-564) . 



5 A4: 



HO 



Ohloff, G. et al. ( Helv. Chim. Aera (1983) §±: 
192-217) . 
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A5: 



f 






(A1) 


CHLORANIL 




German Off. 2, 631, 93 


CHLORANIL 
45% 


(AS) 


A6: 

O 






HO 

{A2) 


CrO^,SO, 


o 


HO 


CiOj/HjSO, 
36% 


(*e) 
o 



i/5*s*% *^577*l8lf' **■ Steroids. 1988, 
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A7: 

CH,OH 



CH,OH 

(Aettat»ofA2) (at) 



(Hab«nn«hl, ec al . , 2. Nacurforjeh . (1980) 25fi : 
191-195) . 



(A1) (A8) 



-SEE Example !&• 
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AS: 



J^l^ OIWLOROOlCr ANOBeNZOQUlNQiyp J^j^ 



l92°li7)^' " ^"g^v- ^Mni ftrrn (i983) 14: 

5 AlO: 



HO' 



(A8) 



HO' 

(A10) 



pp^8*74* 1972. Vol. 8. No. 1, 
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OH 

..-CD ^jctp 

<**' (All) °" 

OH 

->5E£ EXAMPLE 19- 
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Ml: ^^^^ 

b 



HO 

HO HO 

HO 



N2 



(N2J 

O 



HO HO 
O 



HO HO 



1. Robert H. Shapiro and Carl Djeraaai. J Am ch-m 

Soc, 1964, Ifi. 2825. J. Am. cnem. 

Lup4n, Francas C. Canala. Araanio lolesias 
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rN3) 



u in 

O 



mo ho 



HO HO 

1. Clincher Drefahl, Kurc Poneld and Hans Schick. 
Berichce, 1965. li. €04. 

S 2. Richard H. Pecers, David F. Crows, Micchall A. 
Avary, wasley K. M. Chong, and Masako Tanaba, J. Mad. 
Cham. , 1989, 12, 1642. 



N4 



OOLUOINC 



CN4) 



MIA OT» 



M«0 

10 1. Franz Sondhcimer. O. hUnccra. M. Urquiza G. 
Roscnkranz, J. Am. Chem Soc. . 1955, 2I« 4145. 

2. William F. Johna, J. Org. Chem., 1961, ll» 4583. 
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German Cff. 2.631.915 --eaches preparacion of 



with a mechyl grsup ac any -one of the following 
5 positions: iQf. 2a, 4, 6a, gfl, 7o. and 16 

6.METHYLANDR0STA-4.6.DIEN«NE 



German Off. 2,428,679. 
SynlliMis of the 17-METHYlANOROSTENES- 



HO 



Daniel Bertin and Lucien Nedelac, M4moires Prisentes 
10 a la Soci<c« Chitnique. 1964, No. 345. p. 2140. 

Synehaaizafale compounds cherefore include these, 
together with chose derived from them; i.e.. Nl'with 
methyl at l«. 2a. 4. 6a, 66. 7a. 16 or 17 combined 
with Al. A3. A4, AS. AS, A9, AlO or All, as well as 
15 A2 or A6 with a I7.methyl. 



- 117 - 



wo 97/36596 PCT/US97/06061 

F _ e 

. F 



U.S. PatUt 3,413,321. 



,Xi^° „xt?^ 
,xf> 

,jaf> .jif^ 

.Xl^ 

a a a 



5 CATBUI ff. 2,631,»1S. 
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The methods of che invent ion are accomplished by 
means of che non-sysceraic, nasal adminiscracion of certain 
steroids, combinations of steroids. 

This particular mode of administration is 
distinguished from alternative modes, such as ingestion or 
injection, in several important ways, these by virtue of the 
direct contact with the VNO provided by the nasal 
administration of the steroid ligand. In the methods of 
this invention, the appropriate ligand is administered 
directly to the chemoreceptors in the nasal passage and the 
vomeronasal organ, without pills or needles - i.e., non- 
invasively. Drug action is mediated through binding of the 
ligands, described herein, to specific receptors displayed 
by neuroepithelial cells in the nose, preferably in the VNO. 
This furthermore, the mode of drug action is through the 
nervous system and not through the circulatory system - thus 
brain function can be affected without consideration of the 
blood-brain barrier. These methods of treatment provide a 
direct means of affecting the hypothalamus through the 
nervous system because there is only one synaptic junction 
between pheromone receptors and the hypothalamus. Because 
sensory nerves are addressed to a specific location in the 
brain, this method has a highly specific drug effect, 
thereby greatly reducing the potential of undesirable side- 
effects. 

VNO contact is important because the VNO is 
associated with chemoreceptive/pheromonal function. The VNO 
consists of a pair of blind tubular diverticula which are 
found at the inferior margin of the nasal septum. The VNO 
contains neuro-epithelia, the axons of which have direct 
synapses to the amygdala and from there, to the 
hypothalamus. The existence of the VNO has been well 
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docutnenced in most terrestrial . vertebrates including the 
human fetus; however, in adult humans it is generally 
thought to be rudimentary. (See Johnson, al., supya- ) 

The ligand substances described herein, or their 
sulfated, cypionated, benzoated, propionated, or 
glucuronated derivatives, may be administered directly, but 
are preferably administered as compositions. They are 
prepared in a liquid dosage form such as, for example, 
liquids, suspensions or the like, preferably in unit dosage 
forms suitable for single administration of precise dosages. 
Liquid dosages may be administered as nose drops or as an 
aerosol. Alternatively, the active compound can be prepared 
as a creme or an ointment composition and applied topically 
within the nasal cavity. In addition, a vomeropherin may be 
administered as vapor contained in an air puff delivered to 
the nasal cavity. As another alternative, delivery may 
occur by controlled release of these agents by encapsulation 
either in bulk or at a microscopic level using synthetic 
polymers, such as silicone, and natural polymers such as 
gelatin and cellulose. The release rate can be controlled 
by proper choice of the polymeric system used to control the 
diffusion rate (Langer, R.S. and Peppas, N.A., Biomaterials 
2,201, 1981). Natural polymers, such as gelatin and 
cellulose slowly dissolve in a matter of minutes to hours 
while silicone remains intact for a period of months. The 
compositions will include a conventional pharmaceutical 
carrier or excipient, one or more of the active compound (s) . 
In addition, the compositions may include other medicinal 
agents, pharmaceutical agents, carriers, adjuvants, etc. 

The most likely means of communication of a 
semichemical ligand is the inhalation of a naturally 
occurring pheromone present on the skin of another. Since 
these compounds are relatively nonvolatile, it is estimated 
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that, even during intimate contact, a human subject would 
inhale picogram amounts of a naturally occurring steroid 
from the skin of another. From the amount inhaled it is 
estimated that only about 1% would reach the receptors of 
the vomeronasal organ. 

The amount of vomeropherin administered will of 
course, be dependent on the subject being treated, the 
severity of the affliction, the manner of administration, 
the frequency of administration, and the judgment of the 
prescribing physician. However, a single dosage of at least 
about 10 picograms, delivered directly into the lumen of the 
vomeronasal organ, is effective in eliciting a transient 
autonomic response. When administered to the nasal cavity, 
the dosage is about 100 picograms to about 100 micrograms, 
preferably about 1 nanogram to about 10 micrograms, more 
preferably about 10 nanograms to 1 about microgram. The 
frequency of administration is desirably in the range of an 
hourly dose to a monthly dose, preferably from 8 times/day 
to once every other day, more preferably 1 to 3 times per 
day. Ointments containing one or more active compounds and 
optional pharmaceutical adjuvants in a carrier, such as, for 
example, water, saline, aqueous dextrose, glycerol, ethanol, 
and the like, can be prepared using a base such as, for 
example, petroleum jelly, lard, or lanolin. 

Liquified pharmaceutical ly administrable 
compositions can, for example, be prepared by dissolving, 
dispersing, etc. an active compound as defined above and 
optional pharmaceutical adjuvants in a carrier, such as, for 
example, water, saline, aqueous dextrose, glycerol, ethanol, 
and the like, to thereby form a solution or suspension, if 
desired, the pharmaceutical composition to be administered 
may also contain minor amounts of nontoxic auxiliary 
substances such as wetting or emulsifying agents, pH 
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buffering agents and the like, for example, sodium acetate, 
sorbitan monolaurate, triethanolamine sodium acetate, 
triethanolamine oleate, etc. Actual methods of preparing 
such dosage forms are known, or will be apparent, to those 
5 skilled in this art; for example, see Remington' g 

Pharmaceutical Sciences , Mack Publishing Co,, Easton, PA, 
15th Ed., 1975. The composition or formulation to be 
administered will, in any event, contain a quantity of one 
or more of the active compound(s) in an amount effective to 

10 alleviate the symptoms of the subject being treated. 

For aerosol administration, the active ingredient is 
preferably supplied in finely divided form along with a 
surfactant and a propellant. Typical percentages of active 
ingredients are 0.001 to 2% by weight, preferably 0.004 to 

15 0.10%. 

Surfactants must, of course, be nontoxic, and 
preferably soluble in the propellant. Representative of 
such agents are the esters or partial esters of fatty acids 
containing from 6 to 22 carbon atoms, such as caproic, 

20 octanoic, lauric, palmitic, stearic, linoleic, eleostearic 
and oleic acids with an aliphatic polyhydric alcohol or its 
cyclic anhydride such as, for example, ethylene glycol, 
glycerol, erythritol, arabitol, mannitol, sorbitol, and 
hexitol anhydrides derived from sorbitol (the sorbitan 

25 esters sold under the trademark "Spans") and the 

polyoxyethylene and polyoxypropylene derivatives of these 
esters. Mixed esters, such as mixed or natural glycerides, 
may be employed. The preferred surf ace- active agents are 
the oleates orbita, e.g., those sold under the trademarks 

30 "Arlacel C" (sorbitan sesquioleate) , "Span 80" (sorbitan 
monoleate) and "Span 85" (sorbitan trioleate). The 
surfactant may constitute 0.1-20% by weight of the 
composition, preferably 0.25'5%. 
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The balance of the composition is ordinarily 
propellant. Liquefied propellants are typically gases at 
ambient conditions, and are condensed under pressure. Among 
suitable liquefied propellants are the lower alkanes 
containing up to five carbons, such as butane and propane; 
fluorinated or f luorochlorinated alJcanes, such as are sold 
under the trademark "Freon". Mixtures of the above may also 
be employed. 

In producing the aerosol, a container equipped with 
a suitable valve is filled with the appropriate propellant, 
containing the finely divided active ingredient and 
surfactant. The ingredients are thus maintained at an 
elevated pressure until released by action of the valve. 

Yet another means of administration is topical 
application of a volatile liquid composition to the skin, 
preferably facial skin, of an individual. The composition 
will usually contain an alcohol such as ethanol or 
isopropanol. A pleasant odorant may also be included in the 
composition. 

E. Antifertilitv Act:ivit:v. 

The steroid 19-norpregna-l, 3, 5 (10) -trien-3-ol 
(compound E2/P4 in the 19-norpregnane chart) was tested in 
the VNO of female rats. The EVG and vomeronasal nerve (VNn) 
discharge frequency are shown in FIGS. 97 and 98, 
respectively. This data shows stimulation of the VNO. The 
steroid E2/P4 was shown to have postcoital antifertility 
activity when administered orally to female rats while 
having low hormonal activity (measured by estrogen- receptor 
binding). (Peters, et al., j, Med, Chem., 1989, i2,l642- 
52.) The data in FIGS. 97 and 98 suggest that this 
antifertility activity is explainable because E2/P4 is not a 
hormone, but acts as a vomeropherin through stimulation of 
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the VNO, which in turn affects the hypothalamus. Consistent 
with the rat model data, the compound E2/P4 also shows VNO 
stimulation in women (see FIG. 118), and to a lesser extent, 
in men (see FIG. 140) , and thus it is expected that the 
5 vomeropherins have ancif ertility activity in humans. 

Stimulation of the hypothalamus via the VNO allows 
one to suppress release of LH and FSH. This can provide a 
clinical method for treatment of prostatic cancer, 
precocious puberty (in males and females) , endometriosis, 
10 uterine leiomyoma, breast cancer, premenstrual syndrome and 
disfunctional uterine bleeding. 

F. Measuring Affect. Mood and Character Trait. 
Feeling states associated with affects, moods and 
character traits are generally measured by use of a 

15 questionnaire. For example questionnaires comprising a 
number of adjectives which refer to feeling states may be 
administered to an individual. The individual evaluates his 
or her feeling state described by the adjective and rates 
the intensity of the feeling on a numerical scale. 

20 Clustering of related adjectives and statistical analysis of 
a subject's evaluation of each adjective provides a basis 
for the measurement of various feeling states. 

Alternatively, feeling states may be measured by 
autonomic changes, such as those used in polygraphic 

25 evaluations (galvanic skin response, pulse rate and the 
like). Cabanac, M. Annual Review of Physiology (1975) 
12:415; Hardy, J.D., "Body Temperature Regulation", Chapter 
59, pp. 1417. In: Medical Physiology. Vol. II Ed.: VB 
Mountcastle (1980); Wolfram Bousce in. Electrodermal 

30 Activity (Plenum Press 1992) . In addition, non-verbal cues 
such as facial expression and body posture may be evaluated. 
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G. Change in Blood Levels of LH or F5H 
The vomeropherins, estra - 1,3,5 (10), 16 -cetraen- 3 - 
yl acetate (ETA) and pregna-4,20-dien-3, 6-dione (PDD) , were 
delivered as pulses in an air stream directed either into 
5 the lumen of the VNO or to the respiratory epithelium of the 
nasal septum. Single stimuli at a concentration of 10*" M 
to 10"* M to the VNO produced dose dependent changes of the 
electrovomerogram. No significant effects were observed 
when the applicator delivered identical stimuli to the nasal 

10 respiratory epithelium or the olfactory epithelium. 

Administration of both vomeropherins to male 
subjects changed gonadotropin pulsatility. PDD (5x10*^ M) 
decreased luteinizing hormone (LH) pulsatility which 
resulted in a statistically significant reduction of plasma 

15 LH levels {p<0.009) and follicle stimulating hormone (PSH) 
pulsatility (p<0.021) in male, but not in female subjects. 
ETA (3x10-* M) had a less potent effect than PDD on LH 
pulsatility in male subjects but did not modify the release 
pattern of FSH. Prolactin (PRL) , and thyroid stimulating 

20 hormone (TSH) were not significantly affected by these 

vomeropherins in either male or female subjects. These data 
demonstrate the existence of a functional vomeronasal - 
hypothalamic-pituitary pathway in adult humans. 

In addition to gonadotropin pulsatility during VNO 

25 stimulation by vomeropherin modulation of hypothalamic 
neurons regulating luteinizing hormone release hormone 
(LHRH) levels, other concurrent reflex autonomic effects 
also occurred after VNO stimulation with vomeropherins. 
These included decreased respiratory frequency, increased 

3 0 body temperature, and event -related changes of electrodermal 
activity. 

The tests were conducted as follows: 
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A single-blind, randomized protocol was employed to 
study the effect of ETA and PDD on the VNO in. a total of 50 
healthy volunteers whose ages ranged from 20 to 4 5 years who 
participated in this project (Table 1) . Plasma levels of 
5 FSH, LH, and PRL were measured. Group A consisted of male 
subjects in which 10 were exposed to ETA and 10 to PDD at 
concentrations ranging from 10'^° to 10** M following 
miniprobe stimulation and recording with stimulus delivery 
at 5-minute intervals to the lumen of the VNO or the 

10 respiratory epithelium (1 cm. away from the VNO pit) as 
described (Monti-Bloch et al . , J, Steroid Biochem. Molec. 
Biol., 21 (4) :573-582 (1991), Psychoneuroendocrinoloav 19 
(5-7) :673-686 (1994.) Changes in cardiac frequency (CF) , 
respiratory frequency (RF) , body temperature (BT) , 

15 electrodermal activity (EDA) , and electroencephalograms 
(EEC) were analyzed. See Group A, Table 1. 

Group B consisted of 10 male subjects in which the 
effect of ETA on plasma levels of prolactin (PRL) , LH, FSH, 
and thyroid stimulating hormone (TSH) were analyzed 

20 following exposure to one second pulses of 5x10"' M 

concentration every 10 minutes during a 6 hour period. All 
subjects received ETA or placebo in a randomized, double - 
blind, crossover fashion. Group C received PDD (one air 
pulse of 5x10"' M every 10 minutes during 6 hours) and 

25 placebo to their VNO, 

A one -second air pulse carrying the test or control 
stimulus was delivered to the VNO using a crossover blind 
paradigm. In Group B, ETA (3x10'* M) was delivered to the 
VNO of 10 healthy male volunteers every 15 minutes for a 

30 period of 8 hours; in Group C, PDD 5x10"' M was delivered to 
the VNO of 20 volunteers (10 males and 10 females) every 10 
minutes for 6 hours (see TaUale I) . 
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Groups 


A 


B 


C 


Number of 
subjects 


20 male subjects 


10 male subjects 


10 male 

subjects and 10 
female subjects 


Measurements 


Elecirovomero^rrara 


FoUicule Stimulating 
Hormone (FSH) 
Luteinizing Hormone 
(LH) 

Thyroid Stimulating 
Hormone (TSH) 
Prolactin (PRL) 


Follicule 
Stimulating 
Hormone 
(FSH) 
Luteinizing 
Hormone 
(LH) 
t^roiactm 
(PRL) 


(EVG) 
Autonomic reflexes: 


cardiac frequency 
(CF) 

respiratory frequency 
(RF) 

body temperature 
(BT) 

electrodermal activity 
(EDA) 

ElcctroenceDhaloCTam 


(EEG) 


Vomcropherin 
Tested 


ETA 

pregiia-4,20-dien-3,6- 
dione (FDD) 


ETA 


pregna-4.20- 
dien-3.6-dione 
(FDD) 



TABLE I. Experimental Design 

In groups A and B, the VNO was cannulated using a 
miniprobe. (Monti-Bloch et al . , J. Ster. Biochem. Molec. 
Biol. 39(4) :573-582 (1991) 

In Group C, a special nasal portable applicator was 
used, (patent pending) 

Group A was done on a placebo single-blind, 
randomized design protocol. ' 

Groups B and C were done on a placebo double-blind, 
randomized, crossover design protocol. 
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The test substances ETA and PDD were diluted in 
propylene glycol to concentrations ranging from 10*^** M to 
10** M through which air was bubbled. The control substance 
was propylene glycol. Each was presented to the VNO lumen 
5 as air pulses (duration » 1-3 sec.) containing a final 

concentration of 10*^° M to 10** M in a stream of clean air 
{flow = 30 ml/min.) . The pulses were delivered either at 5 
or 10 minute intervals. 

Recordings (Autonomic Reflexes) 

10 Group A 

Recordings were carried out in a quiet room and with 
the subject supine (Monti-Bloch et al . , supra . 1991, 1994), 
The multi-functional miniprobe was positioned within the 
right VNO using magnifying optics and halogen illumination. 

15 It was held in place with a nasal retractor situated in the 
nasal vestibule. 

Conventional electrode leads were used to record EDA 
from the palmar surface of the middle and ring fingers. A 
strain gauge placed around the lower thorax was used to 

2 0 record RF. Body temperature was measured with the aid of a 
miniature thermistor probe placed in the internal ear canal, 
and EEG was monitored from cza^ and t^a^ (see reference) . 
All signals were electrically amplified, digitized (Biopac 
Systems) and continuously monitored using a computer 

25 (Macintosh IIvx) . The amplitude and/or frequency of the 
electrical signals were measured, and the statistical 
significance of the results was obtained using the student 
t-test and analysis of variance (ANOVA) . 
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Methods for Measuring Hormongg 

A peripheral vein was cannulaced in all subjects 
from Groups B and C. and 4 ml of blood were drawn every lo 
minuces for the duration of the session (6 hours), and the 
following plasma hormones were measured: LH, FSH, TSH 
PRL, and testosterone. These hormones were analyzed by 
either enzyme- immunoassay or radio- immunoassay methods (Sufi 
et al.. W.H.O. Special Programme of Research, Development 
and Research Training in Human Reproduction, Method Manual, 
10th Ed. (1986), W.H.O. , Geneva; Veldhuis et al., Am. j. ' 
Physiol, aSii (1986) :486-494,) . The pulsatile 
characteristics of the gonadotropins secretion were analyzed 
by cluster analysis (Pulsar) . 

Gonadotropin pulsatility analysis can best be 
described by the following measurements: 

1. Peaks - Number of events defined by pulse 
analysis program 

2. Mid peaks - Mean interval between peaks 
(minutes) 

3 . Peak width - in minutes 

4. Peak height - in ml u/ml 

5. Mean Area - Mean area under peak 
( concent rat i on/ 1 ime ) 

6. I. A. Basal - Mean largest value as increase 
above basal. 

By analyzing and comparing each of these 
measurements for treated subjects and nontreated controls, 
it is possible to determine the changes in plasma 
gonadotropin values after vomeropherin treatment. 

The statistical significance of the results was 
obtained using tests and ANOVA. 
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Inspection of all subjects revealed normal nasal 
cavities in which bilateral VNOs had a mean pit diameter of 
1.05 mm, S .D, +0 . 7 mm 

Electrovom eroaram (EVG) , Figure 2 01A shows 
5 superimposed traces of EVGs recorded from a 25 year-old male 
subject. The ETA stimulus produced an EVG significantly 
different from control. The mean amplitude of the EVGs 
produced in all subjects studied was M=1.95mV, S.D. =.4.0.8mV, 
n«10) . An air pulse carrying the same quantity of FDD 
10 induced a larger EVG. The mean amplitude for the same dose 
of FDD in all subjects recorded was M»3.6V, S.D.=0.7mV, 
naio) , 

The results of vomeropherins ' action on the 
electrogram of the nasal respiratory mucosa are shown in 

15 Figure 201B. The studies demonstrate that respiratory 

mucosa did not respond to either ETA or FDD (p>0.1, n=10) . 
The same vomeropherins when tested in the olfactory 
epithelium (unpublished observation) also showed no 
electrogram response. 

20 Figure 202 depicts ETA and FDD dose effect curves 

obtained in male subjects. Notice that for both 
vomeropherins the EVG amplitude increases as a function of 
the concentration, and dose-effect relationship for 
interstimulus intervals of 5 minutes is sigmoidal. The slope 

25 for ETA is not significantly different from that of FDD 
(p>0.02, n«20) . 

All^^QnQmig reflexes produced bV VQmmvh^ViM ^ 
Studies of the central nervous system (CNS) reflex response 
to VNO stimulation with air pulses containing ETA (5xlO-9M) , 
30 and FDD (5xlO-9M) are shown in Figure 203, discussed below. 
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Electro dermal activity (EDA) . Both vomeropherins 
induced increase of skin conductance as compared to control 
(p<00l) . The effect of a single air pulse containing 
vomeropherin, either ETA or PDD, consisted of a transient 
monophasic wave, with a latency of XLa^«520 ms, SD»110 ms. 
The mean peak amplitude of the effect for PDD was XpoD=2l.l 
S, SDol9 mS, and for ETA it was X„^«22.01 mS, SD-13.6 . 
The average duration of the wave was 32 seconds, 
Vomeropherins ETA and PDD also changed the frequency of 
spontaneously occurring EDA events. After application of 
ETA or PDD, the frequency of waves decreased from 4.1 to 
0.9. 

Body temperature (BT) . A single air pulse 
containing ETA produced a small but significant temperature 
increase (Xlta'O . 24 SD=0.1<»C, p<0.02), that lasted about 2 
minutes and then returned to baseline. However, PDD did not 
induce significant change of BT in these subjects. 

Cardiac frequency (CF) . The heart rate was measured 
from the R- intervals of the EKG. The effect induced by both 
vomeropherins is significantly different in male subjects 
{p<0.01), (see Figure 204). Compared to control values, ETA 
decreased cardiac frequency by X^f,-'3.3 beats/min., SD»1 
beat/min., while PDD increased cardiac rate by Xpoo«3.8 
beats/min., SD-1.5 beats/min. These changes developed about 
10 seconds after VNO stimulation with vomeropherins', and 
after approximately 2 minutes the heart rate returned to 
control values. 

Respiratory frequency (RF) . PDD induces a small but 
significant decrease in respiratory rate (Xrp«-2 
cycles/min., SD«1 cycle/min. n=10) that appeared about 5 
seconds after stimulation of the VNO and lasted for 1 
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minute. There is a suggestion that ETA may decrease RF 
slightly, but the data is not statistically significant. 

Electroencephalogram (EEG) . Electroencephalograms 
were recorded from the vertex CzAJ and temporal region 
5 (T3AJ , and epochs of four-minute duration were analyzed off 
line using the Fast Fourier Transform. Later, the ratio of 
alpha to beta brainwave activity (alpha/beta) was calculated 
in one epoch occurring before and another after . 
administration of a vomeropherin to the VNO. PDD changed 

10 the alpha/beta ratio from control subjects p. 11 to treated 
subjects 1.85, while ETA changed the ratio from control 
subjects 0.14 to treated subjects 1.71. These effects were 
significantly different from control values (p<0.02). 

The measurements of autonomic reflexes as described 

15 demonstrate that stimulation of the human VNO with 

vomeropherins triggers reflex activity in the central 
nervous system. 

Plasma Levels of Pituitarv Hormones and 
Testosterone . The effect of VNO stimulation with 

20 vomeropherins on plasma levels of pituitary hormones is 
shown in Tables II and III. Table II shows the 
characteristics of the pulsatile release of TSH, PRL, FSH, 
and LH in 10 subjects of Group B, before and during 
treatment with ETA, 

25 In 10 normal male volunteers treated with ETA, no 

significant differences could be detected for TSH, PRL, and 
FSH when compared to normal placebo controls, (p>0,05). 
However, treated ETA subjects showed an increase in Mid. 
Peaks and Peak Width measurements, control 79 vs. treated 

30 subjects 92 and control 45 vs. treated subjects 54, 

respectively (p<0.05) . The number of peaks of LH for 
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In 10 male and 10 female subjects (Group C) PDD was 
administered at a concentration of 5 x lO'' M, every 10 
minutes, during 6 hours. Pulsatility analysis was applied 
no the LH and FSH serum concentrations obtained at each 
sampling time. As shown in Table III, the mean area under 
the peaks (concentration/time) and the increment above basal 
were significantly reduced during the treatment with PDD for 
both gonadotropins but only in males without apparent 
changes in the female subpopulation. 

In PDD treated males, FSH values were significantly 
decreased for both M. Area and I. A. Basal measurements: 
Treated 12.7 vs. Control 17.6, and Treated 0.63 vs. Control 
0.89. respectively. Likewise, for the same group, LH values 
were significantly decreased for both M. Area and I. A. Basal 
measurements: Treated 44 vs. control 77 and Treated 1.4 vs.. 
Control 2.0, respectively. 

For all measurements as described, no statistically 
significant changes could be detected in female subjects 
treated with PDD. (Table III) . 

The major change was observed in the reduction of 
the increments above basal values particularly for LH (2.0 
vs. 1.4 p<0.009) . 

Similarly to the findings during the administration 
of ETA, other pituitary hormones analyzed (PRL and TSH) did 
not show statistically significant changes either in their 
absolute concentrations or in the pulsatility 
characteristics . 

Vomeropherins ETA and PDD appear to be gender 
specific both in their effect on the VNO and on hypothalamic 
responses. They significantly lower gonadotropin 
pulsatility in male, but not in female subjects (see Table 
III) . This gender specific effect on the VNO 
(electrovomerogram) has been reported previously using 
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naturally occurring vomeropherins (pheromones) from the 
human skin: Estra- 1 , 3 , 5 (10) , 16-tetraen-3 -ol specifically 
stimulates the human VNO in males, but not in females. 
However, Androsta- 4,16-dien- 3-one specifically stimulates 
5 the human VNO in females, but not in males. 

The data provides support for a functional 
connection between the VNO and the basal forebrain. 
Furthermore, stimulation of the human VNO in males with ETA 
(3x10"^ M) significantly changes LH pulsatility, but not 

10 FSH. PDD (5x10** M) significantly changes LH and FSH 
pulsatility in males only. These findings open an 
opportunity to use a specific vomeropherin (chemically 
synthesized and not found in nature) that could be used in 
the treatment of certain diseases which are gender specific. 

15 The release of LHRH and gonadotropins through 

exposure to semiochemicals of conspecifics of the opposite 
gender has been reported in several mammalian species 
(Beltramino et al, Neuroendocrinology 16 (1983) :53-58, 
Coquelin, et al. J. Neuroscience 4 (1984) :2230-2236 . It was 

20 also shown in laboratory animals that VNO receptors are 

essential to trigger this neuroendocrine reflex (Johns 1978, 
Wysocki 2979, Meredith 1994) . The present results here show 
that this neuroendocrine reflex is functional in humans and 
that it can be modulated through VNO receptor sites that are 

25 sensitive to vomeropherins. See Tables II and III in that 
there is the decrease in LH and FSH peak height, and 
frequency and increase in the peak interval. Therefore, ETA 
and PDD must be affecting vomeronasal afferent signals that 
modulate the pool of hypothalamic LHRH neurons. 
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Experimental studies in several animal species have 
demonstrated a close correlation between LH pulsatility and 
episodic GnRH release in hypothalamic-pituitary-portal blood 
(Veldhuis et al , , J. Clin. Endocr .Metab. , £i (1987):1275- 
1282) . The pulsatile release of LH in normal men, 
post -menopausal women and young women studied throughout the 
menstrual cycle reflects episodic endogenous gonadotrophic 
releasing hormone (GnRH) action. Although variations in 
bioactive LH pulse amplitude can result from changes in 
either amplitude of the endogenous GnRH pulse signal and/or 
changes in pituitary gonadotropic-cell responsiveness, 
significant alterations in LH pulse frequency can be taken 
to reflect corresponding modulation of the hypothalamic GnRH 
pulse (Knobil, E. 1980, Recent Prog Horm Res 36:53). The 
changes observed in the amount and pattern of release of 
gonadotropins in male subjects during administration of 
femtomolar quantities of vomeropherins to the VNO result in 
a neuro-pharmacological effect at the hypothalamic/pituitary 
level. 

Pulsatile release of LHRH from the preoptic 
hypothalamus drives the release of both gonadotropins (LH 
and FSH) from the pituitary (Yenand Jaffe, Textbook of 
Reproductive Endocrinology) . 

Data on several patients are shown for blood 
testosterone level (subjects 1, 2, 4 and 8, respectively, 
shown in FIGS, 204, 205, 206 and 207). Visit "A" shows the 
levels after administration of prQgna-4 , 20-dien-3 , 6-dione to 
the VNO, Visit "B" shows testosterone levels after 
administration of a placebo. The slopes of the curves for 
levels after treatment with the pregnadiendione are 
statistically different from the slopes of the curves of the 
control. Also, in most instances, the levels of 
testosterone are lower after treatment of the 
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pregnadiendione compared to the control. This shows the 
ability to affect blood testosterone level by administration 
of a vomeropherin to the VNO. 

III. Examples 
5 The following examples are intended to illustrate 

but not to limit the invention. 

Abbreviations used in the examples are as follows: 
aq,=aqueous; RT.=room temperature; PE=petroleum ether (b,p. 
50-70«); DMF=N,N=dimethylf ormamide; DMSO=diraethyl sulfoxide; 
10 THF=tetrahydrof uran . 
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SehMW 7 SynthMit of prvgnanM. 




23 



II II 
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Examples 

To a IM solution of lithium trisiamylborohydride 
(5.0ml, B.Ommole) at -78^C under argon was added a solution 
5 of pregna-4 ,20-dien-3-one (l.lOg, 3.70mmole) in dry THF 

(14ml), with stirring, and the mixture was allowed to warm 
to room temperature. After 3 hours, the mixture was cooled 
to -VS^C and the following reagents were added sequentially: 
water (2ml), ethanol (6ml), 12% aqueous KOH solution (lOml) , 

10 and 3% hydrogen peroxide (50ml). The mixture was allowed to 
warm to room temperature with stirring. After 2 hours, 
ethyl acetate (200ml) was added and the stirring was 
continued. The organic layer was separated, and was washed 
with satd. NaHSO, solution, satd. NaHCO, solution, and 

15 satd. NaCl solution, dried (NajSO^) , and evaporated in vacuo 
to give 2.1g crude material. This was purified by flash 
chromatography on 210g silica gel (230-400 mesh) , eluting 
with EtOAc/CHjClj (5 : 95-"-»7: 93) to give three fractions. 
Fraction 1 (0.8g) contained the impure 3a-alcohol. Fraction 

20 2 (O.lg) was a mixture of the 3Qf- and 3/3-alcohols . Fraction 
3 (0.25g) was the pure 3/8-alcohol (23%). Fraction 1 was 
repurified by flash chromatography on 80g silica gel (230- 
400 mesh), eluting with EtOAc/hexane (10:90 — ►15:85) to give 
0.15 g pure 3af-alcohol (14%). 

25 Exflfflpilg 2 - Pceqna'3.5 ZP-trien-a-Yl m9thY?> gth^ri 2- 

Referring to SCHEME 1, compounds 2, i, 1 and ^ were 
prepared as follows. 

A solution of pregna-4 , 20-dien-3-one (i, 1.00 g 3.35 
mmol) in 2, 2*dimethoxypropane (5.0 Ml, 41 mmol) 
30 dimethyl formamide (5*0 ml) and methanol (0.2 ml) was 

refluxed with catalytic p-toluenesulf onic acid monohydrate 
(26.9 mg, 0.141 mmol) for 2 h. After cooling, sodium 
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bicarbonate (153.6 mg, 1.828 mmol) was added and the 
reaction mixture was partitioned between 75 ml of hexanes 
and 50 ml of ice water. The organic phase was washed twice 
with 50 ml portions of water and once with 50 ml of brine, 
5 after which it was filtered through a 17 mm high x 30 mm 
diag. column of silica gel 60, Product was further eluted 
with 100 ml of hexanes. Concentration of the combined 
eluates and recrystallization from ace tone/me thanol gave 
lustrous very slightly yellow platelets (828.7 mg, 2.652 
10 mmol, 79V) m.p. 111-114*^0. 

Pregna-4 , 20-dien-3-one (i, 1.19 g» 3,99 mmol) was 
refluxed for 24 h with 2, 3-dichlorp-5, 6-dicyano-l, 4- 
benzoquinone (DDQ, 2.72 g, 12.1 mmol) in 40 ml of benzene 

15 under Argon. The cooled suspension was diluted with ether 
and washed with two 100 ml portions of 5% (w/w) sodium 
hydroxide, two 100 ml portions of water and once with 100 ml 
of brine. Ether (100 ml) was added to the resulting 
emulsion, which was dried over sodium sulfate and then 

20 filtered through a column of sodium sulfate (20 g) . After 
washing the residue twice with 50 ml portions of ether the 
combined filtrates were concentrated under reduced pressure 
and then flash chroraatographed (25% ethyl acetate/hexanes on 
silica gel) to give a slightly yellow crystalline solid 

25 (0.26 g, 0.88 mmol, 22%). 

Example 4 - Preana*1.4,20-trien-3-Ql- 4. 

Pregna-1,4, 20-trien-3-one (1, 0.26 g, 088 mmol) in 
2 5 ml of anh. ether was reduced under argon atmosphere with 
lithium aluminum hydride (250.5 mg, 6.601 mmol) for 2 h and 
30 then quenched with 2.50 g of Glauber's salt. The resulting 
suspension was stirred 70 min., filtered, and washed twice 
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with 50 ml portions of ether. After concentrating the 
combined filtrates under reduced pressure the residue was 
purified using preparative TLC (35% ethyl acetate/hexanes on 
alumina co give whice needles {26.1 mg, 87.4 Mmol, 10%) m.p. 
5 98-128''C. 

Example 5 - Preana-4 . 20>dien-6fl-Ql-3-Qne . 5. 

m-Chloroperbenzoic acid (MCPBA, 77.4%, 763.4 mg, 
3.42 mmol) suspended in 30 ml of 1, 2 -dime thoxye thane (DME) , 
S ml of water and 2.4 ml of 5% (w/w) sodium hydroxide was 

10 added to a solution of pregna-3 , 5 , 20-trien-3 -yl methyl ether 
(2/ 400.3 mg, 1.281 mmol) in 20 ml of DME + 2 ml of water 
over 85 min. with stirring. The reaction was continued 5 h 
and was then poured into 50 ml of saturated sodium 
bicarbonate. The mixture was extracted three times with 50 

15 ml of ehter and the combined organic extracts were washed 
with 50 g of 5% (w/w) sodium thiosulfate pentahydrate 
three 50 ml portions of brine, dried over magnesium sulfate, 
and filtered through Celite. After washing the residue with 
10 ml of ether the combined filtrates were concentrated in 

20 vacuum. Flash chromatography (35% ethyl acetate/hexanes on 
silica gel) and preparative TLC (35% ethyl acetate/hexanes 
on silica gel) gave a difficulty separable mixture as white 
crystals (95.5 mg, 0.304 mmol, 24%), 

Example 6 - 20.21 - Dimethvlpreona-S . 20-dien-3fl-ol . 6. 
25 Referring to SCHEME 2, compounds 2* fi. and 2 were 

prepared as follows. 

Ethyltriphenylphosphonium bromide (25,99 g, 70,00 

mmol) and potassium t-butoxide (7,86 g, 70.0 mmol) with 80 

ml of anh. DMSO were stirred under Argon in oil bath at ca. 
30 80*>C for 1 h, after which preen-5-en-3fi-ol-20-one (4.43 g, 

14.0 mmol) in 80 ml of warm anh. DMSO was added. The red 
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suspension was stirred 1 h, removed from the heat and poured 
into 200 ml of ice-brine. The mixture was then extracted 
three times with 100 ml of ether and the combined organic 
extracts were washed with 100 ml of brine, dried over sodium 
sulfate, and filtered through Celite. After washing the 
residue with 50 ml of ether the combined filtrates were 
concentrated under reduced pressure. The yellow residue was 
taken up in 95% ethanol with heating, boiled briefly with 1 
g of charcoal, and filtered through Celite. After cooling 
and filtration of the residue was recrystallized twice more 
from ethanol to give white crystals (1.746 g, 5.314 mmol, 
38%) , m.p. 140-145°C. 

Example 7 - 20.21 - DimethvlDrecma-4 . 2Q-dien-3 . g-dione . 7 
Jones reagent (2.67 M, 2 . 0 ml . 5.3 mmol) was added 
to a solution of 20,21 -dimethylpregna-5, 20-dien-3^-ol (i, 
460.1 mg, 1.400 mmol) in 50 ml of acetone and the reaction 
was stirred 45 min. After quenching with 2-propanol (1.0 
ml) the mixture was poured into 100 ml of water, and 
extracted three times with 50 ml of ethyl acetate. The 
combined organic extracts were washed with 50 ml of 
saturated sodium bicarbonate + 50 ml of brine, dried over 
magnesium sulfate, and filtered through Celite. The residue 
was washed with 25 ml of ethyl acetate and the combined 
filtrates were concentrated under reduced pressure. Flash 
chromatography {25% ethyl acetate/hexanes on silica gel) and 
recrystallization of the residue from 95% ethanol gave 
yellow needles (138.2 mg, 0.4059 mmol, 29%), m.p. 172-178«C. 

Example 9 - 20.21 - DimethvlDre<ma>4.20>dien-3-Qn^. a 

20,21 -Dimethylpregna-5,20-dien-3£-ol (1, 400.3 mg, 
1.218 mmol) in 5 ml of methylene chloride was oxidized with 
pyridinium chlorochromate (525.4 mg 2.437 mmol) for 42 h. 
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Ether (3.5 ml) was added and the suspension was filtered 
through a 5 mm dia. x 60 mm high column of silica gel. The 
column was further eluted with 3,5 ml of ether and the 
combined filtrates were concentrated under reduced pressure. 
5 Flash chromatography of the resin followed by 

recrystallization from aqueous ethanol gave yellow crystals 
(43.6 mg, 0.134 mmol 11%). m.p. 157-165«C. 

Example 9 - PreQna-4 ■ 20'dien-3 , 6-dione 9, 

A solution of pregna-5, 20-dien-3^-ol (300,5 mg, 

10 1.000 mmol) in 35 ml of acetone was cooled in an ice water 
bath and 2.67 M Jones reagent (0.71 ml, 1.9 mmol) was added. 
After stirring 1 1/2 h a further 0.71 ml of Jones reagent 
were added and the reaction was continued 45 min, 2-Propanol 
(1.0 ml) was added and the mixture was poured into 100 ml of 

15 water. The mixture was then extracted twice with 50 ml of 
ethyl acetate and the combined organic extracts were washed 
with 50 ml of saturated sodium bicarbonate + 50 ml of water 
-I- 50 ml of brine and filtered through a 21 mm dia x 22 mm 
high column of silica gel 60. The column was eluted further 

20 with 25 ml of ethyl acetate and the combined filtrates were 
concentrated under reduced pressure. Recrystallization of 
the residue from 95V ethanol gave a light yellow powder 
(104.6 mg, 0,3348 mmol 33%), m.p. 114-120*>C. 

25 A solution of 17of-ethynylandrostenediol (439. 4mg, 

1.397 mraol) in 10ml of dry THF was added to a suspension of 
lithium aluminum hydride (106.5 mg, 2. mmol) and aluminum 
chloride (122.9 mg, 0.9220 mmol) in 10 ml of dry THF under 
argon. After refluxing 17 h the reaction mixture was 

30 quenched by stirring 2 h with sodium sulfate decahydrate 
(1.00 g, 3.10 mmol). The reaction was filtered and the 
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residue washed with three 10 ml portions of THF. 
Concentration of the combined filtrates under reduced 
pressure gave 0,44 g of white solid, which was purified by 
flash chromatography (30% ethyl acetate/hexanes on silica 
5 gel) and twofold recrystallization from aqueous ethanol, 
giving lustrous white crystals {92.0 mg, 0.303 mmol, 22%), 
m.p. 144-149«C. 

Example 11 - 5of-Chloro-6fl. 19-eDOxvpreQn-17>en -3fl-Ql . li . 

Referring to SCHEME 3, compounds il, IZ> Hi and 2A 
were made as follows: 

Ethyltriphenylphosphonium bromide (3.05 g, 8.22 
mmol) and potassium t-butoxide (0.92 g, 8.2 mmol) were 
reacted under argon in anh. DMSO (9.2 ml) for 1 h in a 76- 
86«C bath, following which 5a-chloro-6/8, 19-epoxyandrostan- 
3/?-ol-l7-one (555.9 mg, 1.640 mmol) in 9.2 ml of warm anh. 
DMSO was added and the mixture stirred a further 1 h. The 
reaction was then poured into 25 ml of ice-brine and 
extracted three times with 10 ml portions of ether. The 
combined organic extracts were washed with brine, dried over 
magnesium sulfate, and filtered through Celite. The residue 
was washed twice with 5 ml of ether and the combined 
filtrates were dried in vacuum. The residual yellow oil was 
purified by flash chromatography (60% ethyl acetate/hexanes 
on silica gel) to give a white syrupy solid (0.34 g, 0.97 
mmol, 59%) . 

B^qftffiple 12 - 5nf-Chloro-6fl. 19-epoxvprean-17- enO-Qne. 12 . 

A solution of 5a-chloro-6i3, 19-epoxypregn-17-en-3)S-ol 
(111 0,34 g, 0.97 mmol) in 35 ml of acetone was cooled in an 
ice-acetone bath and 0.47 ml of 2.67M Jones reagent were 
added. After stirring 40 min. the reaction was quenched 
with the addition of 0.5 ml of 2-propanol. Water (15 ml) 
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was added, volatile components were removed under reduced 
pressure, and the mixture was extracted three times with 15 
ml portions of methylene chloride. The combined organic 
extracts were washed with 15 ml of saturated sodium 
5 bicarbonate + 15 ml of brine, dried over magnesium sulfate, 
and filtered through Celite. After washing the residue 
twice with 5 ml of methylene chloride the combined filtrates 
were dried in vacuum. The residue was flash chromatographed 
on silica gel using 3 0% ethyl acetate/hexanes as eluent to 
10 give a white crystalline solid (0.34 g, 0.97 mmol, 
quantitative) . . 

Example 13 - 6fl, 19-Epoxvprean-4 . 17-dien-3*one. 13. 

5a-chloro-6iS, 19-epoxypregn-17-en-3-one (12, 0.34 g, 
0.97 mmol) was dissolved with warming in 10 ml of anh, 

15 methanol, potassium acetate (0.60 g, 6.1 mmol) was added, 
and 6.5 ml of solvent were distilled off at room pressure. 
The residue was concentrated under reduced pressure, taken 
up in 25 ml of water, and extracted three times with 10 ml 
portions of methylene chloride. The combined organic 

20 extracts were dried over magnesium sulfate and filtered 
through Celite. The residue was washed with 10 ml of 
methylene chloride and the combined filtrates concentrated 
under reduced pressure to give a white crystalline solid 
(290.0 mg, 0.9281 mmol, 96%) homogeneous to TLC (60% ethyl 

25 acetate/hexanes on silica gel; Rf 0.61). 

Example 14 - Preana>4 . 17-dien>19-ol -3 -one , 14. 

To a solution of 6i9, 19-epoxypregna-4 , 17-dien-3 -one 
(290.0 mg, 0.9281 mmol) in 10 ml of glacial acetic acid was 
added zinc dust (1.12 g, 17.1 mg-atom) activated by stirring 
30 2 min. with 10% hydrochloric acid followed by washing with 
water and acetone. The suspension was stirred vigorously 
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for 10 min. in a 99-102°C and was then filtered through 
Celite. The residue was washed 4 times with 10 ml of acetic 
acid and the combined filtrates were concentrated in vacuum. 
The residue was taken up in 50 ml of ethyl acetate, washed 
5 with 50 ml of water + 50 ml of saturated sodium bicarbonate 
+ 50 ml of brine, dried over magnesium sulfate, and filtered 
through Celite. The residue was washed with 10 ml of ethyl 
acetate and the combined filtrates dried in vacuum. The 
residue was recrystallized from ethyl acetate to give white 
10 crystals (46.4 mg, 0.148 mmol, 16») , m.p. 192-195*»C, 

Example 15 - Preen-4>en-3fl-ol-20- vne. 15 . 

Preen-4-en-3fl-Ql*20-vne. 15 : Pregna-4-en-3-on-20- 
yne (200.1 mg, 0.6750 mmol) and lithium aluminum tri(t- 
butoxy) hydride (343.8 mg, 1.352 mmol) were suspended in 3.6 

15 ml of anhydrous ether. After reacting 4 h, a further 343,5 
mg (1.351 mmol) of hydride were added and the reaction was 
allowed to continue 16 h. See Scheme 4. After quenching 
with sodium sulfate decahydrate (3,41 g) the reaction 
mixture was agitated 15 min. and then filtered through 

20 diatomaceous earth. The residue was extracted 5 times with 
10 ml portions of ether and the combined filtrates were 
concentrated under reduced pressure. Flash chromatography 
of the residue (25% ethyl acetate/hexanes on silica gel) 
followed by recrystallization from aqueous ethanol yielded a 

25 white powder (85.0 mg, 0.285 mmol, 42%), m.p. 120,5 - 
123. S^C. 

E;xamPle 16 - 20.21-Dimethvlnreana-A,2QE-dien e-3.6-diQnA , ;| ^ 
Jones reagent (2.67 H, 1.75 ml, 4.67 mmol) was added 
to a solution of 20, 21-dimethylpregna-S, 20E-dien-3j3-ol 
30 (400.0 mg, 1.281 mmol) in 45 ml of acetone and the reaction 
was stirred 30 min. The mixture was then poured into 85 ml 
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of water and extracted three times with 40 ml portions of 
ethyl acetate. The combined organic extracts were washed 
with 40 ml of saturated sodium bicarbonate 40 ml of brine, 
dried over magnesium sulfate, and filtered through 
5 diatomaceous earth. The residue was washed with 10 ml of 
ethyl acetate and the combined filtrates were concentrated 
under reduced pressure. Flash chromatography (20V ethyl 
acetate/hexanes on silica gel) of the residue followed by 
recrystallization from aqueous ethanol gave light yellow 
10 needles {119.1 mg, 0.3497 mmol, 29%), m.p. 17l-173«C. TLC 
(20% ethyl acetate/hexanes on silica gel) showed a major 
component at R( 0.17 with a minor contaminant at R, 0.24. 

Example 17 - 20>MethvlpreQna-4 > 2Q-4ign^-3 , $-diQn? , J.7. 

Jones reagent (2.67 1.83 ml, 4,89 mmol) was added 

15 to a solution of 20-methylpregna-5, 20-dien-3i3-ol (400.0 mg, 
1.272 mmol) in 45 ml of acetone and the reaction was stirred 
20 min. After quenching with 2-propanol (0.91 ml) the 
mixture was poured into 85 ml of water and extracted three 
times with 4 0 ml portions of ethyl acetate. The combined 

20 organic extracts were washed with 40 ml of saturated sodium 
bicarbonate + 40 ml of brine, dried over magnesium sulfate, 
and filtered through diatomaceous earth. The residue was 
washed with 25 ml of ethyl acetate and the combined 
filtrates were concentrated under reduced pressure. 

25 Recrystallization of the solid residue from aqueous ethanol 
gave yellow crystals (235.0 mg, 0.7298 mmol, 57%), m.p. 148- 
150«C. TLC (20% ethyl acetate/hexanes on silica gel) showed 
a major product at R, 0,24 with a minor impurity at the 
origin. 
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Example 18 - PreQna-4 . 16 -diene - 3 . 6 -dione . 18. 

Jones reagent (2.67 H, 0.23 ml, 0.61 mmol) was added 
to a solution of pregna-5 , 16-dien-3/3-ol (45,5 mg, 0.151 
mmol) in 5 ml of acetone and the mixture was stirred 20 min. 
After quenching with 2-propanol (0.11 ml) 10 ml of water 
were added and the mixture was extracted three times with 5 
ml portions of ethyl acetate. The combined organic extracts 
were washed with 5 ml of saturated sodium + 5 ml of brine, 
dried over magnesium sulfate, and filtered through 
diatomaceous earth. The residue was washed with 5 ml of 
ethyl acetate and the combined filtrates were concentrated 
under reduced pressure. Preparative TLC (25V ethyl 
acetate/hexanes on silica gel) of the residue gave a light 
yellow solid (10.6 mg, 33.9 (imol, 22%) homogeneous to TLC 
(Rf 0.41, 25% ethyl acetate/hexanes on silica gel; starting 
material 0 . 30) . 

Jones reagent (2.67 Jl# 1-03 ml 2.75 mmol) was added 
to pregna-5, 17, 20-trien-3^-ol (214.5 mg, 0.7187 mmol) in 25 
20 ml of acetone and the mixture was stirred 20 min. After 

quenching with 2-propanol (0.52 ml), the mixture was poured 
into 50 ml of water and extracted three times with 25 ml 
portions of ethyl acetate. The combined organic extracts 
were washed with 25 ml of saturated sodium bicarbonate 25 
25 ml of brine, dried over magnesium sulfate, and filtered 

through diatomaceous earth. The residue was washed with 10 
ml of ethyl acetate and the combined filtrates were 
concentrated iinder reduced pressure. Recrystallization with 
concomitant treatment with charcoal in aqueous ethanol gave 
30 light yellow needles (67.7 rag, 0.218 mmol, 30%), m.p. 140- 
143. TLC (25% ethyl acetate/hexanes on silica gel) shows 



10 
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product at 0.4 3 with minor contaminants at 0.86, 0.14, 
0.08, and 0.00 (pregna-5, 17-dien-3/?-ol R, 0.32). 

Example 20 - 21-Methvlene-2Q (R) -met:hvlp rean-4-gn-3-Qne . 70 . 
Aluminum isopropoxide {0.39 g, 1.9 mmol) in 3.6 ml 
5 of hot toluene was added to a solution of 21-methylene- 
20 (R) -methylpregn-5-en-3^-ol (208.2 mg, 0.6337 mmol) in 
cyclohexanone (3.6 ml, 35 mmol) and 18 ml of toluene, and 
the mixture was refluxed with exclusion of moisture for 2 h. 
After cooling in ice, 6.92 ml of water and 2.2 ml of 3.6 U 

10 sulfuric acid were added and the mixture was shaken 1 min. 
Further water (4.6 ml) was added, the mixture was shaken 5 
min., and the aqueous phase was discarded. Volatile 
components were removed by azeotropic/steara distillation arid 
the resulting aqueous suspension was extracted three times 

15 with 5 ml portions of methylene chloride. The combined 
organic extracts were filtered through a small column of 
sodium sulfate resting on a bed of diatomaceous earth, all 
of which was contained in a Pasteur pipette. The residue 
was washed with 5 ml of methylene chloride and the combined 

20 filtrates were concentrated under reduced pressure. 

Recrystallization of the residual film gave white needles 
(152,7 mg, 0.4677 mmol, 74%), m.p. 138-139«C. TLC (25% 
ethyl acetate/hexanes on silica gel) showed a major product 
at 0.54 with a trace contaminant at Rf 0.71 (starting 

25 material 0.36). 

Example 21 - 21-Methvlene-20 (R) >methvlDrean>4'en-3fl-ol . 21. 

A suspension of 21-methylene-20 (R) -methylpregn-4-en' 
3-one (S, 100.0 mg, 0.3063 mmol) and lithium tri-t- 
butoxyaluminohydride (319.4 mg, 1.256 mmol) in 5 ml of anh. 
30 THF was stirred under argon for 6 h, after which water (48 
ML), 15% (w/w) sodium hydroxide (4a/iL) , and water (143 /iD 
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were added. The mixture was filtered through diatomaceous 
earth and the residue was extracted four times with 5 ml 
aliquots of THF. Concentration of the combined filtrates 
under reduced pressure and two-fold recrystallization from 
5 aqueous ethanol gave white platelets (42.6 mg, 0.130 mmol, 
42%), m.p. 121-123«C. TLC (25% ethyl acetate/hexanes on 
silica gel) shows major product at 0.38 and minor product 
at Rf 0.43 (starting material Rj 0.50), 

Example 22 - 21-Methvlene-2Q (R) -m ethvlDrean-4-ene-3 . fi^r^^ r^^o, 

10 

Jones reagent {2,61 M, 0.68 ml, 1,8 mmol) was added 
to 21-methylene-20 (R) -methylpregn-5-en-3/3-ol (149.8 mg, 
0.4560 mmol) in 15 ml of acetone and the reaction was 
stirred 20 min. After quenching with 2-propanol (0.34 ml), 
15 the mixture was poured into 30 ml of water and extracted 
three times with 15 ml portions of ethyl acetate. The 
combined organic extracts were washed with 15 ml of 
saturated sodium bicarbonate + 15 ml of brine, dried over 
magnesium sulfate, and filtered through diatomaceous earth. 
The residue was washed with 10 ml of ethyl acetate and the 
combined filtrates were concentrated under reduced pressure. 
Preparative TLC of the residue (25% ethyl acetate/hexanes on 
silica gel GF, 1000 /x) gave a yellow, crystalline solid 
(49,7 mg, 0,146 mmol, 32%) homogeneous to TLC (25% ethyl 
25 acetate/hexanes; 0.47; starting material R^ 0.35). 

Example 23 ' Preen-4-^n.3fl.Ql.20-vn^. 2^. 

Lithium tri- c-butoxyaluminohydride (343.8 mg, 1.352 
mmol) was added to preen-4-en-3-on-20-yne (200.1 mg, 0.6750 
mmol) suspended in 3.6 ml of anh. ether and the mixture was 
30 stirred 4 h. Additional hydride (343.5 mg, 1.351 mmol) was 
added and the reaction was stirred a further 16 h. 
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Glauber's salt (3.41 g) was added and Che suspension was 
agitated 15 min. The mixture was filtered through 
diatomaceous earth and the residue was extracted five times 
with 10 nil portions of ether. Concentration of the combined 
5 filtrates under reduced pressure followed by flash 

chromatography (25% ethyl acetate/hexanes on silica gel) and 
recrystallization from aqueous ethanol gave a white powder 
(85.0 mg, 0.285 mmol, 42%), m,p. 120 . 5-123 . 5*^0 . TLC (25% 
ethyl acetate/hexanes on silica gel) showed product (R, 
10 0.23) contaminated with traces of what appeared to be 
starting material . (Rt 0.29). 

Example 24 - Prean — 4 . 16 -dien-6fl-Ql-3 -on-20-vne , 24. 

3-chloroperbenzoic acid (290.0 mg, 1.680 mmol) in 
9.4 ml of 1,2- dime thoxye thane + 3.6 ml of water was added to 

15 a suspension of pregna-3 , 5 , 16 - trien-20-yn-3 -yl methyl ether 
(471.0 mg, 1.527 mmol) in 1 , 2-dimethoxye thane (9.4 ml) and 
the reaction was stirred 3 0 min. The mixture was poured 
into 50 ml of saturated sodium bicarbonate and extracted 
three times with 50 ml of ethyl acetate. The combined 

20 organic extracts were washed with 50 g of 5% (w/w) sodium 
thiosulfate pentahydrate + three 50 ml aliquouts of brine, 
dried over magnesium sulfate, and filtered through 
diatomaceous earth. The residue was washed with 25 ml of 
ethyl acetate and the combined filtrates were concentrated 

25 under reduced pressure. Flash chromatography (50% ethyl 

acetate/hexanes on silica gel) of the residue, followed by 
recrystallization from aqueous ethanol gave a light yellow 
solid (145.9 mg, 0.4700 mmol, 31%), m.p. >300*C. 

Example 25 - Chola-S , 16 . 20 (22) -trien-3g-Ql , 25. 
30 A suspension of propyl triphenylphosphonium bromide 

(12.13 g, 31.48 mmol) and potassium C-butoxide (3.54 g, 31.5 



• 158 - 



^0»7'36596 PCT/US97/0606I 



10 



mmol) in anh. DMSO (35 ml) under argon atmosphere was 
placed in an oil bath {72-87»C) and then stirred 1 h. 
Pregna-5,16-dien-3^-ol-20.one (1.9807 g, 6.298 mmol) in 35 
ml of warm anh. DMSO was added and the reaction was stirred 
90 min. The mixture was then poured into 90 ml of ice -brine 
and extracted with three 45 portions of ether. The combined 
organic extracts were washed with 45 ml of brine, dried over 
sodium sulfate, and filtered. The residue was washed with 
10 ml of ether and the combined filtrates were concentrated 
under reduced pressure. Flash chromatography (20% ethyl 
acetate/hexanes on silica gel) of the resulting oil gave an 
amber resin (103.6 mg, 0.3042 mmol, 4.8V). 

Example 2$ - ChOlfl-4-2Q(22)E-diene-4.6.dinn>» 

Jones reagent (2.67 1.26 ml, 3.36 mmol) was added 
15 to chola-S,20{22)E-dien-3i9-ol (300.0 mg, 0.8758 mmol) in 30 
ml of acetone and the reaction was stirred 20 min. After 
quenching with 2-propanol (0.63 ml), the mixture was poured 
into 66 ml of water and extracted three times with 30 ml 
portions of ethyl acetate. The combined organic extracts 
were washed with 30 ml of saturated sodium bicarbonate + 30 
ml of brine, dried over magnesium sulfate, and filtered 
through diatomaceous earth. The residue was washed with 10 
ml of ethyl acetate and the combined filtrates were 
concentrated under reduced pressure. Recrystallization from 
aqueous ethanol gave a yellow solid (13 9.3 mg, 0.3929 mmol, 
45%), ra.p. 109-I16»C. TLC (25% ethyl acetate/hexanes on 
silica gel) shows a major product (Rj 0.45) with 
contaminants at Rj 0.24, 0.1, and 0.08 (chola-4 , 20 (22) E- 
dien-3-one R, 0.49) . 
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FvAmple 27 - ChQla-4.2Q(22)E'dien'3'Qne, 27. 

Aluminum isopropoxide (2.82 g, 13.8 mmol) in 26 ml 
of hot toluene was added to chola-5, 20 (22) E-dien-3/?-ol 
(1.5777 g, 4.605 mmol) in cyclohexanone (26 ml, 0.25 mol) ^- 
130 ml of toluene and the reaction was refluxed 4 h with 
exclusion of moisture. After cooling, water (6.7 ml) and 
3 . 6 H sulfuric acid (16 ml) were added and the mixture was 
shaken 1 min. Further water (32 ml) was added, the mixture 
was shaken 5 min., and Che aqueous layer was discarded. The 
volatile components were removed by azeotropic/steam 
distillation and the resulting aqueous suspension was 
extracted three times with 20 ml portions of methylene 
chloride. The combined organic extracts were dried over 
magnesium sulfate and filtered through diatomaceous earth- 
The residue was washed with 10 ml of methylene chloride and 
the combined filtrates were concentrated under reduced 
pressure. Recrystallization from aqueous ethanol with 
concomitant treatment with charcoal gave light yellow 
crystals (1.3317 g, 3.9104 mmol, 85%), m.p. 133-135«C. TLC 
(25% ethyl acetate/hexanea on silica gel) showed the product 
was homogeneous (Rf 0.49; starting material Rf 0.31). 

Example 2S - rhQla-4 . 20 (22) E-dien-3g-0l. 29- 

A suspension of chola-4 , 20 (22) E-dien-3-one (i, 400.0 
mg, 1.175 mmol) and lithium tri- t-butoxyaluminohydride 
(1.2250 g, 4.8158 mmol) in IS ml of anh. ether was stirred 
under argon for 8 h. Glauber's salt (6.07 g) was added, the 
mixture was stirred 5 min., and was then filtered through 
diatomaceous earth. The residue was extracted five times 
with 15 ml portions of ether and the combined filtrates were 
concentrated under reduced pressure. Preparative TLC (5% 
ethyl acetate/methylene chloride on silica gel, 1000 /x) ot 
the residue gave a light yellow solid (49.9 mg, 0.146 mmol, 
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12V) homogeneous to TLC (5% ethyl acetate/methylene chloride 
on silica gel, Rj 0.34; pregna-5, 20-dien-3/3-ol 0.26). 

Example 29 - Chola- 3 . S . 20 (22 ) E-trien-3 -vl metihyl ether. 

A mixture of chola-4, 20 (22) E-dien-3-one (808.6 mg, 
5 2.374 mmol) , 2 , 2 -dimethoxypropane (3.1 ml, 25 mmol) , 
dimethyl formamide (3.1 ml), methanol (0.13 ml), and p- 
toluenesulfonic acid monohydrate (28.0 mg, 0.147 mmol) was 
refluxed 4 h with exclusion of moisture. After cooling, 
sodium bicarbonate (0.17 g) was added and the mixture was 

10 partitioned between 30 ml of water and 50 ml of ether. The 
organic layer was washed with 30 ml of brine, dried over 
magnesium sulfate, and filtered through diatomaceous earth. 
The residue was washed with 10 ml of ether and the combined 
filtrates were concentrated under reduced pressure. 

15 Recrystallization of the resulting solid from acetone gave a 
light yellow solid (453.8 mg, 1.280 mmol, 54%), m.p. 94- 
96 "^C. TLC (10% ethyl acetate/hexanes on silica gel) showed 
product at R^ 0.62 with a trace of starting material (R^ 
0.14) . 

20 Example 30 - Chola-4 . 20 (22) E-dien-6fl-ol-3>Qne. 3Q. 

3-Chloroperbenzoic acid (183.0 mg, 1.06 0 mmol) in 
5.9 ml of 1,2-dimethoxyethane + 2.3 ml of water was added to 
chola-3,5,2G(22)E-trien-3-yl methyl ether in 5,9 ml of 1,2- 
dimethoxyethane over 2 1/2 min. After stirring the reaction 

25 a further 1/2 h, it was poured into 30 ml of saturated 
sodium bicarbonate and extracted three times with 30 ml 
portions of ethyl acetate. The combined organic extracts 
were washed with 30 g of 5% (w/w) sodium thiosulfate 
pentahydrate + three 30 ml portions of brine, dried over 

30 magnesium sulfate, and filtered through diatomaceous earth. 
The residue was washed with 10 ml of ethyl acetate and the 
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combined filtrates were concentrated under reduced pressure. 
Flash chromatography (60% ethyl acetate/hexanes on silica 
gel) of the resulting solid and subsequent preparative TLC 
(50% ethyl acetate/hexanes on silica gel) of the resulting 
5 solid and subsequent preparative TLC (50% ethyl 

acetate/hexanes on silica gel, 1000 ^) gave a white 
crystalline solid (114.3 mg, 0.3206 mmol, 33%) consisting of 
two components by TLC (50% ethyl acetate/hexanes on silica 
gel; major Rf 0.48, minor R( 0.41; chola-4 , 20 (22 ) E-dien-3 - 
10 one Rc 0.74) . 

Example 31 - Measurement of Autonomic Responses to 

Stimulation of the VNO. 

Various autonomic parameters were monitored as 

A1'P3 Pregna-4, 16-dien-3-one 
15 A2-P3 Pregna-5, 16-dien-3)3-ol 

A8-P1 3-Methoxy-pregna-3, 5, 20-triens 

A6-P1 Pregna-4, 20-dien-3, 6 -dione 

20, 21-Dimethylpregna-5, 20-dien-3i3-0l 
20 , 21-Dimethylpregna-5, 20-dien-3 -one 
20 A14-P2 6)3, 19-Epoxypregna-4, 17-dien-3-one 

A7-P2 l9-Hydroxy-pregna-4, 17 (20) -dien-3-one 

A13-P1 Pregna-4, 20 -dien-60-ol- 3 -one 

All-Pl Pregna-l , 4 , 20-trien-3-one 

Al-Pi Pregna-4, 20-dien-3-one 
25 A2-P1 Pregna-5,2O-dien-30-ol 

A4-P1 Pregna-4 , 20-3Qf-ol 

A3-P1 Pregna-4, 20-3)3-ol 

A1-P4 Preen-4-en-3-one 

A2-P4 Preen^5-en-3/3-ol 
30 was administered to 24 female and 24 male subjects using the 

procedure described in Example 32. Propylene glycol was 

also administered as a control. When compared to a 
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propylene glycol control, the test compounds induced a 
significant change in the integrated receptor potential in 
the VNO, galvanic skin response (GSR) , skin temperature 
(ST) , the percentage of cortical alpha wave activity as 
5 measured by electroencephalogram (EEG) , electrocardiogram 

(EKG) and respiratory frequency (RF) . The results are shovm 
in FIGS. 2 through 58. Additional tests were performed on 
other pregnane derivatives, the results of which are shown 
in FIGS. 59-84. The results of tests on cholane derivatives 
10 are shown in FIGS. 85-96. 



- 163 - 



wo 97/36596 



PCT/US97/06061 



Sch«mtt 10. Syntheses f 19-norpregnanes 
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Scheme 12. Further syntheees of norpr gnanes 
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Sch«mtt 13. 17-Bthylen«tloa of leatpnaa 




21 
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Example 32 - 19-Norpreana-4 . 20-dien-3fl>Ql . 

A suspension of l9-norpregna-4 , 20-dien-3 -one (0,38 
g, 13 mmol) and lithium tri-t-butoxyaluminohydride (1.36 g, 
5.35 mmol) in 20 ml of anh. ether was stirred S h at room 
temperature, which Glauber's salt (6,74 g) was added. The 
resulting mixture was stirred 5 min. and then filtered 
through a glass frit. The residue was washed with 5 20 ml 
portions of ether and the combined filtrates, were 
concentrated under reduced pressure. The crude product was 
purified by preparative TLC on silica gel GF using 5% ethyl 
acetate/methylene chloride as eluent to give a yellow resin 
(3 9.6 mg, 0.138 mmol, 11%) homogeneous to TLC (5% ethyl . 
acetate/methylene chloride on silica gel; Rf 0.29). 

Example 33 - 19-Norpreana-l , 3 . 5 (10) . 17 . 20-Dentaen-3-Ql , 
15 To a suspension of lithium aluminum hydride (LAH, 

256.1 mg, 6.748 mmol) and aluminum chloride (296.8 mq, 2.227 
mmol) in 20 ml of anh. ether under argon was added 
ethinylestradiol (1.0000 g, in 20 ml anh. ether. After 
refluxing 20 h the reaction was quenched with, the addition 
20 of Glauber's salt (2.00 g) and stirring a further 2 h. The 
mixture was then filtered through diatomaceous earth and the 
residue was washed with 3 10 ml portions of ethyl acetate. 
Concentration of the combined filtrates, flash 
chromatography on silica gel with 15% ethyl acetate/hexanes, 
25 and twofold recrystallization from aqueous ethanol gave 
slightly tan needles (367,5 mg, 1.311 mmol, 39%), m.p. 
132-133®C, homogeneous to TLC (20% ethyl acetate /hexanes on 
silica gel; 0.36/ estra-1, 3 , S (10) , 16-tetraen-3-ol R^ 
0.36) . 



5 



10 
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Example 34 - 19 -Norpreana- 1 , 3 , 5 ( 1 ) - trien- 3 -ol - 20fl- vne . 

To a cooled (dry ice/acetone bath) solution of 19- 
norpregna-1,3,5 (10) , 17, 20-pentaen-3-ol (2, 280.4 mg, l.QOO 
mmol) in 28 ml of anh. THF under argon was added n-BuLi 
5 (2.5 £j in hexane, 1.2 ml, 3.0 mmol) over 10 min. Stirring 
was continued for 18 h, during which the reaction was 
allowed to gradually warm to 15 RT, The reaction was 
quenched with 25 ml of 1 N HCl and then extracted with 3 10 
portions of ether. The combined organic extracts were 
10 washed with 25 ml of saturated sodium bicarbonate +25ml of 
brine, dried over magnesium sulfate, and filtered through 
diatomaceous earth. The reside was washed with 10 ml of 
ether and the combined filtrates were concentrated under 
reduced pressure. Flash chromatography of the resulting 
15 yellow resin on silica gel with 20% ethyl acetate/hexanes, 
followed by recrystallization from aqueous ethanol gave 
fine, white needles (150.5 mg, 0.5367 mmol, 54%), m.p. 
148-149**C, homogeneous to TLC (20% ethyl acetate/hexanes on 
silica gel; 0.34/ starting material R^ 0.37). 

Example 35 - 19-NQrpreana-l . 3 , 5 (10) > 16 , 20-pentaen-3-Ql . 

19-Norpreana-l . 3 . 5 (10) , 16- tetraen-3-ol-20-yne (200 . 0 
mg, 0.7184 mmol) in 9 ml anh. THF was added to approx. 3 0 
ml of anh. ammonia. Sodium (0,07 g, 3 mg-atom) was added in 
small pieces and the reaction was stirred 1 h, during which 
the color disappeared. Abs. ethanol (3 ml) was added and 
the mixture was allowed to warm to RT overnight. HCl (1 N, 
20 ml) was added the mixture was extracted three times with 
10 ml portions of methylene chloride. The combined organic 
extracts were washed with 10 ml of brine, dried over 
magnesium sulfate, is and filtered through diatomaceous 
earth. The reside was washed with 10 ml of methylene 
chloride and the combined filtrates were concentrated under 
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reduced pressure. Preparative TLC (silica gel GF, with 20% 
ethyl acetate/hexanes) of the resulting amber resin, 
followed by recryscallization from benzene/hexanes gave an 
off-white powder, m.p. 123-125*'C. TLC (20% ethyl 
5 acetate/hexanes) showed a major product (R; 0.38) with a 
minor contaminant (R, 0,04). 

Example 36 - 19-NorDreana-5 (10) . 2Q-dien-3-one . 

19-Norpregna-2, 5 (10) ,20-trien-3-yl methyl ether 
(750.0 mg, 2.513 mmol) was dissolved in 80 ml of acetone and 
oxalic acid {0.88g, 7.0 mmol) in 12 ml of water was added. 
Further acetone (20 ml) was added to bring most of the 
precipitate back into solution and the reaction was stirred 
6 h. Following saturated sodium bicarbonate quench {30 ml) 
the reaction mixture was twice with 40 ml portions of ethyl 
acetate. The combined organic lo extracts were washed twice 
with SO ml portions of brine, dried over magnesium sulfate, 
and filtered through diatomaceous earth. The reside was 
washed with 25 ml of ethyl acetate and the combined 
filtrates were concentrated under reduced pressure. Flash 
chromatography (10% ethyl acetate/hexanes on 15 silica gel) 
gave a colorless resin (0.54 g, 1.9 mmol, 76%). 

Example 37 > 19-Norpreana-5 {10) . 20-dien'3-ol . 

To an ethereal (8.4 ml) solution of 
19-norpregna-5 (10) , 20-dien-3-one (0.42 g, 1.5 mmol) was 
25 added 69.7 mg (1.84 mmol) of LAH and the reaction was 

stirred 30 min. Glauber's salt (2.79 g) was added and the 
suspension was stirred an additional 10 ml. The mixture was 
then filtered through diatomaceous earth and the residue was 
extracted with 435 ml portions of ether. The combined 
30 filtrates were concentrated under reduced pressure and the 
resulting oil was flash chromatographed (20% ethyl 
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acetate/hexanec on silica gel) to give an off-white foam 
(0.38g, 1.3 mmol, 88V) . 

Example 38 - 19-Norpreana-4 . 2Q-dien>lQfl -ol-3*one . 

19-Norpregna-5 (10) , 20-dien-3-one (S, 0.45 g, 1,6 
5 mmol) in DMF {5.7 ml) was cooled in an ice -acetone bath and 
Jones reagent (2.67 M, 0.19 ml, 0.51 mmol) was added. After 
stirring 1 l/2h a further 0.19 ml of Jones reagent were 
added. Stirring was continued 45 min., after which 0.38 ml 
of Jones reagent were added. The reaction was quenched 

10 after stirring 1 more hour by the addition of 2-propanol 

(0.38 ml). Ethyl acetate (100 ml) was added and the mixture 
was washed with 3 50 ml portions of water 50 ml of brine, 
dried over magnesium sulfate, and filtered through 
diatomaceous earth. The residue was washed with 10 ml of 

15 ethyl acetate and the combined filtrates were concentrated 
under reduced pressure. Preparative TLC on alumina with 50V 
ethyl acetate/hexanes gave a white, crystalline fill (89.2 
mg, 0.297 mmol, 19%) . TLC (50% ethyl acetate/hexanes on 
silica gel) showed mostly produce (R^ 0.46), contaminated 

20 with a little starting material (R, 0.73). 

A solution of l9-Norpregna-5 (10) ,20-dien-3-one (0.34 

g, 1.2 mmol) in anh. Pyridine (4.0 ml, 49 mmol) was cooled 
in an ice-salt bath to S below -80C and solid pyridiniutn 

25 bromide perbromide (1.26 g, 3.94 mmol) was added at such a 
rate that the reaction temperature did not exceed -2*»C. 
After stirring 1 min. , 0.20 g of phenol were added, the cold 
bath was removed, and the reaction was stirred at RT for 24 

h. Ethyl acetate (SO ml) was 10 added and the mixture was 
30 washed with 50 ml of 1 Ji HCl + 25 ml of saturated CuSO, + 25 

ml of 5% sodium hydroxide + 25 ml of water + 25 ml of brine. 
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The mixture was then dried over sodium sulfate for 4 h and 
afterwards filtered through a glass frit. The residue was 
washed with 10 ml of ethyl acetate and 15 the combined 
filtrates were concentrated under reduced pressure. The 
5 resulting dark syrup (512.8 mg) was taken up in 8 ml of abs. 
ethanol, zinc dust (260.8 mg, 3.990 mg-atom) was added, and 
the suspension was refluxed 1/2 h. The reduction mixture 
was filtered through cotton and the residue was washed with 
10 ml of ethanol. Concentration of the combined filtrates 

10 and two- fold purification by preparative TLC, first on 

silica gel GF (1000 20% ethyl acetate/hexanes as eluent) 
then on alumina GF (1000 /x# 20% ethyl acetate/hexanes) , gave 
a nearly colorless resin (152.8 mg, 0.5410 mmol, 45%) 
homogeneous to TLC (R^ 0.22, 10% ethyl acetate/hexanes on 

15 silica gel; pregna-4 , 20-dien-3-one 0.25). 

Example 40 - jg-Nprpregn^-; , 3 . ? (1<?) r ?Q't:Qt;raen- j -pX ■ 

Ethynylestradiol diacetate (2.0004 g, 5.2576 mmol) 
in 100 ml of anh. THF was added to approx. 140 ml of anh. 
NH3 and sodium (1.88 g, 81.8 mg-atom) was added in small 

20 slivers over 5 min. After stirring the dark blue solution 1 
h, abs. ethanol was added and the reaction was allowed to 
gradually warm to RT overnight. 100 ml of 1 N HCl were 
added, the layers were separated, and the aqueous layer was 
extracted twice with 50 ml portions of ether. The combined 

25 organic phases were washed with 3 100 ml portions of brine, 
derived over magnesium sulfate, and filtered through 
diatomaceoua earth. The residue was washed with 25 ml of 
ether and the combined filtrates were concentrated under 
reduced pressure. The residue was taken up in 25 ml of 

30 methylene chloride, dried over sodium sulfate, and filtered 
through diatomaceous earth. The residue was washed twice 
with 10 ml portions of methylene in chloride and the 
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combined filtrates were concentrated under reduced pressure. 
Flash chromatography (15V ethyl acetate/hexanes on silica 
gel; gave a white, crystalline solid with yellow spots (0.86 
g, 3.0 mmol, 58%) . 

To crude 19-Norpregna-l , 3 , 5 (10) , 20-tetraen-3 -ol (9, 
0.86g, 3.0 mmol) in 75 ml of 90V ethanol was added 5 
potassium carbonate (6.73 g, 55.2 mmol) and the suspension 

10 was refluxed 1/2 h. Dimethyl sulfate (0.75 ml) was added 
and the reaction was refluxed a further 1/2 h. Dimethyl 
sulfate was added in 3 1.8 ml aliquots (total » 6.15 ml, 
65.0 mmol) over 1 h, and reflux was continued for 1/2 h. 
Ice water (65 ml) was added and the mixture was cooled in an. 

15 ice bath and stirred for 2h. The suspension was centrifuged 
and then filtered through a coarse frit. The residue was 
washed with 50 ml of water + 50 ml of 5V sodium hydroxide + 
3 50 ml portions of water. The residue was recrystallized 
from aqueous ethanol to give fine white needles, in.p, 

20 108,5-llOoc (lit.m.p. 108-llOoC) . 

B^^^rnPlg 42 ■ 19-NQrPreqna-l,3.5(10) .16-telrra^n. 6>on-2Q-vn-7. 

Chromium trioxide (2,68 g, 2.68 mmol) was suspended 
in 40 ml of methylene chloride and the suspension was cooled 

25 in an ice-salt bath to -8«C. 3, 5-Dimethylpyrazole (2.58 g, 
26.8 mmol) was added and the suspension was stirred 20 min. 
19-Norpregna-l,3,5(10) ,16-tetraen-20-yn-3-yl acetate (0.86 
g, 2.7 mmol) was added over 5 min., so that the reaction 
temperature did not exceed -7«C. After stirring an 

3 0 additional 2 h, the reaction mixture was poured through a 30 
mm X 116 mm column of silica gel and elution was continued 
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under pressure with methylene chloride. Concentration of 
appropriate fractions gave a brown film (0.16 g, 0.48 mmol, 
18%) . 

Example 43 - 19-Norpreana-l . 3 . S (lOl . I g^tetraen^-B , g/g-diol - 
5. 20-vne . 

Crude 19-nonpregna-l, 3 , 5 (10) , 16-tetraen- 
6-on-20-yn-3-yl acetate (ii, 0,16 g, 048 mmol) was suspended 
in 20 anh. ether, LAH (36.7 mg, 0967 mmol) was added, and 
the mixture was refluxed with exclusion of water for 18 h. 
10 After cooling, 1,22 g of Glauber ' s salt were added and the 
suspension was stirred 1/2 h. The mixture was filtered 
through diatomaceous earth and the residue was washed with 4 
10 ml portions of hot Concentration of the combined 
filtrates, ethyl acetate, followed by purification by 
15 preparative TLC (50% ethyl acetate/hexanes on silica gel GF, 
1000 /i) gave a white solid (26.0 mg, 88.3 mmol, 18V) 
homogeneous to TLC (50% ethyl acetate/hexanes on silica gel; 
Rf 0.48) . 

Example 44 - 19-Norpreana*l . 3 . 5 (10) . 17- tetraen-3-Ql . 

Ethyl triphenylphosphonium bromice (1.3947 g, 3.7572 
mmol) and potassium t-butoxide (422.5 mg, 3.765 mmol) 
suspended in anh. DMSO (4.1 ml) under argon were placed in 
an oil bath (80-84*0 and stirred 1 h. Equilin (200,2 mg, 
0,7459 mmol) in 4.1 ml of anh. DMSO was added and the 
reaction was stirred a further hour. After cooling, 25 ml 
of ice*l H HCl was added and the mixture was extracted three 
times with 20 ml portions of ether. The combined organic 
extracts were washed with 25 ml of saturated sodium 
bicarbonate + 25 ml of brine, dried over magnesium sulfate, 
and filtered through diatomaceous earth. The residue was 
washed with 10 ml of ether and the combined filtrates were 
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concentrated under reduced pressure. Flash chromatography 
(20% ethyl acetate/hexanes on silica gel) followed by 
preparative TLC (20% ethyl acetate/hexanes on silica gel OF, 
1000m) gave a slightly yellow resin (182.9 mg, 15 0.6523 
5 mmol, 87%) homogeneous to TLC (20% ethyl acetate/hexanes R* 
0.42) . 

Example 45 - 19-Norpreana-l . 3 . 5 (10) . 617-Dentaen-3 -ol . 

Ethyl triphenylphosphonium bromide (1.3945 g, 3.7561 
mmol) and potassium ^-butoxide (422.8 mq, 3.768 mmol) 

10 suspended in 4. J ml of anh. DMSO under argon were placed in 
a 77-790C bath and were stirred 1 h. 6-Dehydroestrone 
(200.4 mg, 0.74 66 mmol) in 4 . 1 ml of anh. DMSO was added 
and the reaction was stirred in 1 h. The reaction mixture 
was allowed to cool and was then poured into 25 ml o fice-1 

15 N HCl. The mixture was extracted three times with 20 ml of 
ether and the combined organic extracts were washed with 25 
ml of saturated sodium bicarbonate + 25 ml of brine, dried 
over magnesium sulfate, and filtered through diatomaceous 
earth. The residue was washed with 10 ml of ether and the 

20 combined filtrates were concentrated under reduced pressure. 
Flash chromatography (15% ethyl acetate/hexanes) and 
preparative TLC (15% ethyl acetate/hexanes on silica gel GF, 
1000 m) gave an off-white crystalline solid (212.9 mg, 
>100%) homogeneous to TLC (15% ethyl acetate/hexanes on 

25 silica gel, R, 0.21). 

Example 46 - 19-NorDreana-l . 3 . S (lO) . 6. 8. 17-hex aen-3-Ql . 

Ethyl triphenylphosphonium bromide (1.3 94 5 g, 3. 75 61 
mmol) and potassium t-butoxide (422,3 mg, 3.763 mmol) 
suspended in 4.1 ml of anh. DMSO under argon were placed in 
30 an oil bath {74-83®C) and the reaction was stirred 1 h. 
^Equilenin (200.2 mg, 0.7518 mmol) in 4.1 ml of anh. DMSO 
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was added and the reaction mixture was stirred a further 
hour. The mixture was poured into 25 ml of ice-l n HCl and 
extracted three times with 20 ml portions of ether. The 
combined organic extracts were washed with 25 ml of 
5 saturated sodium bicarbonate + 25 ml of brine, dried over 
magnesium sulfate, and filtered through diatomaceous earth. 
The residue was washed with 10 ml of ether and the combined 
filtrates were concentrated under reduced pressure. Flash 
chromatography (20% ethyl acetate/hexanes) and preparative 
10 TLC (20% ethyl acetate/hexanes on silica gel GF, 1000 /i) 

gave a light yellow, crystalline wax (180.6 mg, 0.64 87 mmol, 
8 6%) homogeneous to TLC. 

The following study compares the effect of 23 

15 vomeropherins with 19-norpregnane structure, and placebo 

(propylene glycol) , on autonomic activity and EEC. Twelve 
healthy human subjects (6 women and 6 men) , ages 19 to 2 9 
participated in this study. All substances were delivered 
airborne to the vomeronasal organ (VNO) puff lasting 5 

20 seconds. For this purpose we use a miniprobe electrode 
described elsewhere, that allowed local stimulation and 
simultaneous recording of the organ's electrovomerogram 
(EVG) . The parameters recorded were: electrodermal activity 
(EDA) , respiratory frequency (RF) , electrocardiogram (CF) , 

25 electromyogram (EMG) , body temperature (BT) , and EEG from 
CzAl and T3A1. Autonomic activity, EEG and EVG were 
recorded using surface electrodes. All the techniques used 
were noninvasive* The procedure was done in two recording 
sessions each lasting one hour. The electrical recordings 

30 were amplified, digitized, and monitored and stored in a: 

computer. Processing and analysis of the results were done 
offline. 
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The data on the tests on the women is shown in FIGS. 
99*120, and the data on the men is shown in FIGS. 121-142. 

The results were summarized in the following tables 
showing the overall effect of each vomeropherin already 
5 subtracted from control. An arbitrary score from 0 to 5 was 
assigned to compare the activity of the compounds relative 
to each other, but virtually all of the compounds tested had 
some effect. 

These results show that the effect of some 
10 vomeropherins on autonomic activity and EEC is significantly 
different from placebo. Also shown is that some substances 
do not have significantly different effects in both genders. 

gyample 48 - Synthesis of Estra-l .3 . 5 (10) , le-tetra^n-i-qi] 
The following method of synthesis is depicted in 

15 Figure 1: 

Estrone p-Toluenesulf onyihydrazone 

Estrone (270 g, 1.00 mole) and p- 
toluenesulfonylhydrazide (232.8 g, 1.25 mole) in dry 
methanol (2.5 liters) were heated under reflux for 20 hours. 

20 The mixture was transferred to a conical flask and allowed 
to cool. The crystalline product was filtered off under 
suction and washed with methanol (300 ml) . Further crops of 
product were obtained by sequentially evaporating the 
filtrate to 2000 ml, 800 ml and 400 ml, and allowing to 

25 crystallize each time. Total yield was 433.5 g (99%). 

1,3,5(10) , 16-Estratetraen-3-ol 

Estrone p-toluenesulfonylhydrazone (219, 9 g, 500 m 
mole) in dry tetrahydrofuran (8.0 liters) was cooled in a 
sodium chloride/ice bath. The mixture was mechanically 
30 stirred while n-butyl lithium (800 ml of a 2.5 M solution in 
hexane, 2.00 mole) was added via double-ended needle. The 
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mixture was stirred at room temperature for 3 days. Ice 
(250 g) was added, followed by saturated ammonium chloride 
solution (500 ml) . The phases were mixed by stirring and 
then allowed to settle. The aqueous phase was removed via 
5 aspiration with teflon tube and extracted with ether (500 
ml) . The two organic phases were sequentially washed with 
the same batch of saturated sodium bicarbonate solution (500 
ml) followed by saturated sodium chloride solution (500 ml) 
The organic layers were dried (MgSOJ and evaporated in 

10 vacuo to give crude product. This was subjected to flash 
filtration on 500 g silica gel 60, 230-400 mesh, eluting 
with ethyl acetate/hexane (25.75, 2.5 liters) The filtrate 
was evaporated in vacuo to give crystalline material. The 
product was recrystallized from methanol (300 ml) /water (75 

15 ml) washing with methanol (80 ml)/ water (20 ml). Further 

recrystallization from ethyl acetate/hexane (12.5:87.5) gave 
pure product (88.9 g, 70%). 

Example 49 - Synthesis of Acvl derivatives of 1.3.5(10). 16- 
Estratetraen-3-ol. 

20 To 1, 3, 5 (10) , 16-Estratetraen-3-ol (254 mg, 1.00 

Mmole) in ether (10 ml) is added acetic anhydride (0.25 ml) 
(or propionic anhydride for the propionate) followed by 
pyridine (0.25 ml) and the mixture is stirred at room 
temperature for 16 hours. The mixture is poured into 

25 ice/water and extracted with ether (2 X 20 ml) . The organic 
extracts are washed with water, saturated copper sulfate 
solution, water, and saturated sodium chloride solution, 
dried (MgS04) and evaporated in vacuo to give the pure 
product (192 mg, 65%) , 
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Example 50 - Synthesis of Est:ra-4 . 16-dien-3 -one . 

To estra-1, 3, 5 (10) , 16- tetraene-3 -methyl ether 
(551.5 mg., 2.055 mmol) in 8.6 ml of anhydrous THF, 
approximately 3 0 ml of anhydrous ammonia, and 6.76 g of t- 
5 butyl alcohol was added lithium wire (0.24 g, 35 mg-atom) 
cut in small pieces. The reaction mixture was refluxed 4 
1/2 h under argon, after which methanol (2.3 ml) was added 
and the ammonia was allowed to boil off overnight. The 
residue was dissolved in 25 Ml of methanol and was acidified 

10 to approximately Ph 1 with 5N HCI. After heating in an oil 
bath between 55 and 70 C for 15 min, the cooed hydrolysis 
mixture was partitioned between 25 ml of water and 50 ml of 
ethyl acetate and the aqueous phase was extracted with 25 ml 
of ethyl acetate. The combined organic extracts were washed 

IS with 25 ml of saturated sodium bicarbonate and 25 ml of 

brine, dried over magnesium sulfate, and filtered. Removal 
of solvent under reduced pressure yielded 0.57 g of oily 
residue which was purified by flash chromatography on silica 
gel (eluent: 15% ethyl acetate/hexane) followed by 

20 recrystallization from pentane to give crystals (206.1 mg, 
39%) homogeneous to TLC, m.p. 67-71 C. 

Example 51 - Synthesis of E3tra-2. 5 (10) . 16- triene-3-met.hyl 

To Estra-l,3,5(10) ,16-tetraene-3-methyl ether (1.22 
25 g, 4.54 mmole) in 19 ml of anhydrous THF, 14,99 g of t -butyl 
alcohol, and approximately 70 ml of anhydrous ammonia was 
added lithium wire (0.53 g, 76 mg-atom) cut in small pieces. 
After refluxing under argon for 6 h the reaction was 
quenched with 5 ml of methanol and ammolonia was allowed to 
30 boil off overnight. A suspension of the residue in 100 ml 
of water was extracted twice with 100 ml portions of ethyl 
acetate and the combined organic extracts were washed with 

- 179 - 



wo 97/36596 



PCTAJS97/06061 



brine and dried over magnesium sulfate. Following solvent 
removal under reduced pressure the residue was flash 
chromatographed on silica gel using 1% ethyl acetate/hexane 
as eluent and then recrystall ized from abs . ethanol to give 
5 fluffy white crystals (884,1 mg, 3.269 mmole, 72%), m.p. 72- 
73 C, homogeneous to TLC. 

Example 52 - Synthesis of Estra-5'(10) , l6-dien-3 -one . 

Estra-2, 5 (10) , 16-triene-3-methyl ether (2) (646,3 
mg, 2,390 mmole) , dissolved in 50 ml of acetone was 

10 hydrolyzed for 6 h at room temperature using oxalic acid 
dihydrate (0.84 g, 6,7 mmole) . The reaction mixture was 
quenched with 25 ml of saturated sodium bicarbonate and then 
extracted twice with 25 ml portions of ethyl acetate. The 
combined organic extracts were washed twice with 25 ml of 

15 brine, dried over magnesium sulfate, filtered, and 

concentrated under reduced pressure. The residue was 
recrystallized from hexane to give product (462.5 mg, 1.804 
mmole, 75%), m,p. 112-116 C, 

Example 53 - Svnthegis of Estra-5 ( 10) . 16-dien-3-ols (4). 

20 Estra-5 (10) , 16-dien-3-one (3) (301.1 mg, 1.174 

mmole) , in 6 ml of anhydrous ether was reduced for 1 h at 
room temperature using lithium aluminum hydride (50.0 mg, 
1.32 mmole). After quenching with sodium sulfate 
decahydrate (2.00 g) for 10 min. the suspension was filtered 

25 through Celite and the residue washed with four 25 ml 

portion of ether. The combined filtrates were concentrated 
under reduced pressure and purified by flash chromatography 
(silica gel, 5% ethyl acetate/hexanes eluent) with 
subsequent preparative TLC of mixed fractions. The more 

30 polar product could be recrystallized with considerable loss 
from aqueous ethanol to give 4.8m mg of solid. The less 
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polar product was recrystallized from aqueous methanol to 
give white crystals {59,5 mg) , m.p. 98-100 C. Total yield 
was 64.3 mg (0.249 mmol , 21 V). 

Example 54 - Synthesis of Estra-4 . 9 . i6-^i ^ien-3 -ong . 
5 Estra-5(10,16-dien-3-one (3) (0.38 g, l,5mmole), in 

pyridine (5.0 ml, 62 mmol) was cooled in an ice-salt bath to 
-13 C and pyridinium bromide perbromide (1.58 g, 4.94 mmole) 
was added in small portions so that T<-4 C. After swirling 
1 min. phenol (0.25 g, 2,7 mmole) was added and reaction 

10 continued 24 h at room temperature. Ethyl acetate (50 ml) 
was added and the reaction mixture was washed with 25 ml of 
IN HCI, two 25 ml portions of saturated copper sulfate, 25 
ml of 5% sodium hydroxide, and 25 ml of brine. After drying 
our magnesium sulfate, filtration, and concentration under 

15 reduced pressure the residue was taken up in 10 ml of abs. 
ethanol, granular zinc (0.33 g, 5.0 mg-atom) was added, and 
the mixture was refluxed 1/2 h. The supernatant was 
removed, the residue was washed with 10 ml of abs. ethanol, 
and the combined supernatants were concentrated under 

20 reduced pressure. The resulting resin was flash 

chromatographed on silica gel using 15* ethyl acetate/hexane 
as eluent. Appropriate fractions were pooled, concentrated, 
and then recrystallized from hexane to give solid product 
(117.5 mg, 0.4619 mmol, 31%), m.p, 87-92 C. 

25 Ey;aTHPle 55 - Synthesis of Estra-i . 3 . 5 do) . i 6-tetra^n- 

Chromium trioxide (13.40 g, 0.1340 mol) was 
suspended in 200 ml of methylene chloride and then cooled to 
-10«C in an ice-salt bath. 3 , SDimethylpyrazole (12.90 g, 
30 0,1342 mol) was added and the mixture was stirred 20 min. 
Estra-l,3,5(10) ,l6tetraen-3-yl acetate (4.00 g, 13.5 mmol) 
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in a chilled solution of 20 ml of methylene chloride was 
added and action stirred 2 h, during which time T<-8*'C. 
Mixture was then filtered through 200 g of silica gel and 
the product was eluted with further methylene chloride. 
5 After combining and concentrating appropriate fractions the 
crude product was flash chromatographed on silica gel using 
15% ethyl acetate/hexane as eluent. Pooling of appropriate 
fractions and concentration under reduced pressure yielded a 
white solid (0.92 g, 3.0 mmol, 22%), m.p. 87-i03*C. 



10 Example 56 ■ Synthesis of Estra-1. 3 . 5 (10) . 16-tetraen- 
3-ol-6-Qne. 

Estra-1, 3, 5 (10) , 16-tetraen-6-one-3-acetate (203 .1 
mg, 0,6543 mmol) in 30 of methanol was saponified with 1.5 
ml of 5% (w/w) sodium hydroxide for 40 min. The reaction 

15 mixture was concentrated under reduced pressure / taken up in 
50 ml of water, neutralized with IN HCI, and extracted three 
times with 25 ml portions of methylene chloride. The 
combined organic extracts were washed with 50 ml of brine, 
dried over magnesium sulfate, filtered, and concentrated to 

20 give a white solid which was purified by recrystallization 
from benzene/hexane and preparative TLC to give white 
crystalline solid (52.8 mg, 0.197 mmol, 30%), m.p. 
188-191<'C. 

SxaTPPlg 57 - Svnthegjg <?£ E8tra'l-3,5(1Q) ,i$-tetragn-$ff- 
25 Qi'i'Yi acetate > 

Estra-I, 3 , 5 (10) , 16 -tetraen-6 -one- 3 -yl -acetate (421 . 4 
mg, 1.358 mmol), suspended in 35 ml of 95% ethanol was 
reduced with sodium borohydride (98.8 mg, 2.61 mmol) for 100 
min. at room temperature. After concentrating under reduced 
30 pressure the residue was suspended in 25 ml of water, 
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neutralized with IN HCl, and extracted three times with 25 
ml portions of methylene chloride . The combined organic 
extracts were washed with 25 ml of brine, dried over 
magnesium sulfate filtered, and concentrated. The resulting 
5 white foam was flash chromatographed on silica gel using 25% 
ethyl acetate/hexane as eluent . Combining fractions and 
concentration gave a white solid (0.12 g, 0.38 mmol, 28%), 
m.p. 209-212*»C. 

Example 58 - Synthesis of Estra-1 . 3 . 5 (10) , 16 - tetraene-.-^ 

10 i^^iai. 

To a suspension of lithium aluminum hydride (LAH, 
95%, 46.9 mg, 1.17 mmol) in 5 ml of anhydrous THF was added 
estra-1, 3 ,5 (10) , 16-tetraen-6-one-3-yl-acetate (6) (422.9 mg, 
1-360 mmol) in 5 ml of anhydrous THF dropwise, with 

15 stirring. The reaction was stirred 50 min. , after which 

further LAH (46.5 mg, 1.16 mmol) was added and the reaction 
stirred 22 h. After refluxing 4 h TLC still showed starting 
material. The reaction was quenched with 0.5 ml of water ^ 
0.5 ml of 20% (w/w) sulfuric acid and concentrated under 

20 reduced pressure. The residue was extracted four times with 
10 ml portions of hot ethyl acetate and filtered through 
Celite. The combined filtrates were concentrated and 
purified twice by flash chromatography to give solid product 
(0.05 g, 0.2 mmol, 10%), m.p. 150-157OC. 

25 Example 59 - Synthesis of Estra^l 3 . 5 (IQ) . 
3-ol . 

To a suspension of equilin (100.2 mg, 0.3733 mmol) 
in 2 ml of diethylene glycol were added hydrazine {59 ^L, 
1.9 mmol) and potassium hydroxide (0.04 g, 0,7 mmol). The 
30 mixture was stirred in an oil bath at 200-214«C for 2 h, 
after which the cooled reaction was diluted with 10 ml of 
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water, neutralized with IN HCl, and extracted three times 
with 25 ml of ether. The combined organic extracts were 
washed with 10 ml of brine, dried over magnesium sulfate, 
filtered, concentrated, and purified by preparative TLC 
5 (silica gel/ 15% ethyl acetate /hexane eluent) to give a 
yellow resin. 

Product was further purified by decolorizing with 
charcoal and recrystallization from aqueous ethanol to give 
tan crystals (13.2 mg, 51.9 ^M, 14%), m.p. 130-134®C. 
10 Example 60 - Synthesis of 2Q-HQmoestra-l . 3 . 5 ( IQ) . 

A suspension of triphenylmethylphosphonium bromide 
(671.0 mg, 1.878 mg) and potassium t-butoxide (212,1 mg, 
1,890 mmol) in 2.1 ml of anhydrous DMSO was heated in a 

15 76-86*'C bath under argon for 1 h, after which equilenin 

(100.1 mg, 0.3579 mmol) in 2.1 ml of anh. DMSO was added 
and the green solution was stirred 1 h. After cooling 10 ml 
of ice -IN HCl were added and the mixture was extracted with 
three 10 ml portions of ether. The combined organic extracts 

20 were washed with 10 ml of saturated sodium bicarbonate + 10 
ml of brine, dried over magnesium sulfate, filtered through 
Celite, and concentrated under reduced pressure. The 
residual orange oil was purified by preparative TLC (silica 
gel, 25% ethyl acetate/hexane) to give product (75.5 mg, 

25 0.286 mmol, 76%) homogeneous to TLC, m.p, 113-121*»C. 

Example SI - Svnthggjg ot 29-H<?n[i<?ggtr9i-l>?>5(10) , 

6,8.17-hexaen-3-Ql, 

Estra-1,3, 5 (10) , 6-tetraen-3-ol-17-one (91.1 mg, 
0.339 mmol), hydrazine (54 ^L, 1.7 mmol), and potassium 
3 0 hydroxide (0.06 g) in 1.8 ml of diethylene glycol were 

heated in a 200 **C bath under argon for 2 h. After cooling 
to RT 10 ml of water were added and the solution was 
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acidified to pH-2 with IN HCl. The resulting suspension was 
extracted three times with 10 ml of ether and the combined 
organic extracts were washed with 10 ml of brine, dried over 
magnesium sulfate, filtered through Celite, and concentrated 
5 under reduced pressure. The crude solid was purified by 
preparative TLC (25% ethyl acetate/hexane on silica gel) to 
give product homogeneous to TLC (5.9 mg, 23 mmol, 7\) . 

Example 62 - Synthesis of E3tra-4 Ig-dien-^-^] 

To estra-4, 16-dien-3-one, (1) (87.2 mg, 0.340 mmol) 
in 1.7 ml of anh. ether was added lithium aluminum hydride 
(15.0 mg, 0.3 95 mmol) and the suspension was stirred 17 min. 
Reaction was then agitated 10 min. with 0.50 g of sodium 
sulfate decahydrate and filtered through Celite. The 
residue was washed with three 10 ml portions of ether and 
the combined filtrates were concentrated under reduced 
pressure. Preparative TLC (5% ethyl 

acetate/dichloro-methane on silica gel) gave crude product 
(50.0 mg) as a yellow resin. This could be 
rechromatographed until sufficiently pure. 

20 Example 63 * Estra-4 . 16-dien-3-ong . 

This synthesis is depicted in Figure 153. 19- 
Nor- testosterone (XIX) is commercially available, e.g., from 
Chemical Dynamics Corp. It provides the starting material 
for l9-Nor-16-androstene derivatives. 19 -Nor- testosterone 

25 (XIX) was converted into the acetate (Hartman, J. A. et al, , 
J , Am. g^icnii (1956) 78:5662) with acetanhydride and 

pyridine. (a) A solution of this acetate (4.8 g, 15.17 
mmol) in toluene (10 ml) was pyrolyzed (b) at 540** (200 
Torr, slow N2- stream) in a glass tube packed with quartz 

30 pieces. Chromatography of the crude pyrolysate (3.1 g) on 
silica gel (150 g) with CH,Cl,gave 1,1 g (28%) of the 
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homogenous oily ketone 9; +57.90 (c 1) {(27): m.p. 7i-73«) . 
- IR. (CHClj) : 1660s, 1615m, 1585w, --H-NMR. {90 MHz): 0.84 
(s, 3 H) ; 5.82 (m, 2 H) ; 5.87 (br. s, 1 H). 

.gx;ampl^ 64 - ggty -;$-^p-3 -gflg 
5 This synthesis is depicted in Figure 153. 19- 

nor- testosterone was reduced to l9-nor-5a-Androstan-17 -ol-3 
-one (XX) with lithium and ammonia (c) according to the 
method of Villotti, R., et al. (J. Am. Chem. Soc. (i960) 
82:5693). Androsta-5a, 17-diol-3 -one (XX) was converted into 

10 the acetate (Hartman, J. A. et al. , J. Am. Chem. Soc. (1956) 
78:5662) with acetanhydride and pyridine (a) . A solution of 
17B-acetoxy-5a-Estran-3-one (8.0 g, 25.1 mmol) in 
octane/acetone 10:1 (22 ml) was pyrolyzed (b) at 550* (200 
Torr, slow N^-stream) Chromatography of the crude product 

15 (5.4 g) on silica gel (600 g) with CHjClj and 

recrystallization of the homogenous fractions from PE gave 
3.13 g (48.3%) of the pure ketone 10. M.p. 51-54o, [a] - 
+ 72.8*> (C 1.0). -IR. (CHCI3) : 1705s, 1585w, - ^H-NMR. (90 
MHz): 0.79 (s, 3 H) ; 5.71 (m, 1 H) ; 5.87 (m, 1 H) . 

20 Example 65 - Estra-16-en-3g-ol . 

This synthesis is depicted in Figure 153. L- 
Selectride (d, lithium tri (sec -butyl ) hydridoborate, 4 ml of 
a 1 M solution in THF, 4 mmol) was added dropwise at 0** to a 
solution of ketone 10 (800 mg, 3.10 mmol) in dry ether (5 

25 ml) . After stirring for 1-h at 0*», water was added (10 ml) . 
The boranes were oxidized by adding 10% aq. NaOH-solution 
(5 ml), followed by 30% aq. H2G2-solution (3 ml) and 
stirring for 3 h at RT. After workup (ether), the crude 
product (790 mg, Ca. 9:1 mixture of 11 and 12) was 

30 chromatographed on silica gel with CH2C12to give 700 mg 

(87%) of pure alcohol 11. M.p. 119-120»-123-124o (from PE) , 
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[a]D *40.6^ (C = 1.0). - IR. (CHC13): 3640m, 3500 br., 
1585W. - IH-NMR. (90 MHz): 0.78 (s, 3 H) ; 4.09 (m, wM - 8 , 1 
H) ; 5.71 (m, 1 H) , 5.87 (m, 1 H) . 

Example 66 - Estra-16-en-3B-Ql . 
5 This synthesis is depicted in Figure 153. A 

solution of the ketone 10 (800 mg, 3.10 mmol) in dry 
ether (5 ml) was added dropwise at RT. to a slurry of LiAlH^ 
(38 mg, 1 mmol) in ether (3 ml) (e) . After 1 h, the mixture 
was hydrolyzed with 10% aq. HjSO^. After workup (ether), 

10 the crude product (802 mg, 9:l-mixture of 12 and 11) was 

chromatographed on silica gel with CHjClj. A small fraction 
of 11 (70 mg) was eluted first, followed by the main 
fraction of 12 (705 mg, 87%). M.p. 113-115'', [a]- +36.3<> (C 
« 1.0). - IR. (CHC13) : 3640m, 3500 br. , 1585w. - ^H- 

15 NMR. (90 MHz): 0.78 (s, 3 H) ; 3.60 (m, w« - (m, 20, 1 H) ; 
5,71 (m, 1 H) , 5.87 (m, 1 H) . 

Example 67 - Alternative Synthesis of Es tra-4 16- 
dien-3-one 

Estra>4. 16*dien-3-one: To estra-1, 3 , 5 (10) , 16- 
20 tetraene- 3 -methyl ether (551. S mg, 2.055 mmol) in 8.6 ml of 
anhydrous THF, approximately 30 ml of anhydrous ammonia, and 
6.76 g of t-butyl alcohol was added lithium wire (0.24 g, 35 
mg-atom) cut in small pieces. The reaction mixture was 
refluxed 4 l/2h under argon, after which methanol (2.3 ml) 
25 was added and the ammolonia was allowed to boil off 

overnight. The residue was dissolved in 25 ml of methanol 
and was acidified to approximately pH 1 with 5N HCl, After 
heating in an oil bath between 55 and 70<'C for 15 min. the 
cooled hydrolysis mixture was partitioned between 25 ml of 
3 0 water and SO ml of ethyl acetate and the aqueous phase was 
extracted with 23 ml of ethyl acetate. The combined organic 
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extracts were washed with 25 ml of saturated sodium 
bicarbonate and 25 ml of brine, dried over magnesium 
sulfate, and filtered. Removal of solvent under reduced 
pressure yielded 0.57 q of oily residue which was purified 
5 by flash chromatography on silica gel (eluent: 15% ethyl 
acetate/hexane) followed by recrystallization from pentane 
to give crystals (206.1 mg, 39% homogeneous to TLC, m.p. 
67-71«C, 

Example 68 - E3tra-2 , 5 (10) . 16-triene-3 -methvl ether. 2. 

To estra-1, 3, 5 (10) , 16-tetraene-3-methyl ether (1.22 
g, 4.54 mmol) in 19 ml of anhydrous THF, 14.99 g of t- butyl 
alcohol, and approximately 70 ml of anhydrous ammonia was 
added lithium wire (0.53 g, 76 mg-atom) cut in small pieces. 
See Figure 12. After refluxing under argon for 6 h the 
reaction was cpienched with 5 ml of methanol and ammolonia 
was allowed to boil off overnight, A suspension of the 
residue in 100 ml of water was extracted twice with 100 ml 
portions of ethyl acetate and the combined organic extracts 
were washed with brine and dried over magnesium sulfate. 
Following solvent removal under reduced pressure the residue 
was flash chromatographed on silica gel using 1% ethyl 
acetate/hexane as eluent and then recrystallized from abs. 
ethanol to give fluffy white crystals (884.1 mg, 3.269 mmol, 
72%), m.p, 72-73«C, homogeneous to TLC. 

25 Example 69 - Estra>5 (IQl ■ 16-dien-3>Qne, 3. 

. Estra-2, 5 (10) , 16-triene-3-methyl ether, 2 (646.3 mg, 
2.390 mmol), dissolved in 50 ml of acetone was hydrolyzed 
for 6 h at room temperature using oxalic acid dihydrate 
(0.84 g, 6.7 mmol). See Figure 12, The reaction mixture 

30 was quenched with 25 ml of saturated sodium bicarbonate and 
then extracted twice with 25 ml portions of ethyl acetate. 
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The combined organic extracts were washed twice with 25 ml 
of brine, dried over magnesium sulfate, filtered, and 
concentrated under reduced pressure. The residue was 
recrystallized from hexane to give product (462.5 mg, 1.804 
5 mmol, 75%), m.p. 112-116<»C. 

Example 70 - Estra-S (IQK 16-dien>3 -olg . 

Estra-5 (10) , 16-dien-3-one, 3 (301.1 mg, 1.174 mmol), 
in 6 ml of anhydrous ether was reduced for 1 h at room 
temperature using lithium aluminum hydride (50.0 mg, 1.32 
mmol). See Figure 155. After quenching with sodium sulfate 
decahydrate {2.00 g) for 10 min. the suspension was filtered 
through Celite and the residue washed with four 2 5 ml 
portions of ether. The combined filtrates were concentrated 
under reduced pressure and purified by flash chromatography 
(silica gel, 5% ethyl acetatethexanes eluent) with 
subsequent preparative TLC of mixed fractions. The more 
polar product could be recrystallized with considerable loss 
from aqueous ethanol to give 4.8 mg of solid. The less 
polar product was recrystallized from aqueous methanol to 
give white crystals (59.5 mg) , m.p, 98-100*'C. Total yield 
was 64.3 mg (0,249 mmol, 21S) . 

Estra-5 (10) , 16-dien-3-one, 3 (0,38 g, 1.5 mmol), in 
pyridine (5.0 ml, 62 mmol) was cooled in an ice-salt bath to 
25 -13«C and pyridinium bromide perbromide (1.58 g, 4.94 mmol) 
was added in small portions so that T<-4*C. After swirling 
1 min. phenol (0.25 g, 2,7 mmol) was added and reaction 
continued 24 h at room temperature. See Figure 12. Ethyl 
acetate (50 ml) was added and the reaction mixture was 
30 washed with 25 ml of IN HCl, two 25 ml portions of saturated 
copper sulfate, 25 ml of 5% sodium hydroxide, and 25 ml of 
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brine. After drying over magnesium sulfate, filtration, and 
concentration under reduced pressure the residue was taken 
up in 10 ml of abs. ethanol, granular zinc (0.33 g, 5,0 mg- 
atom) was added, and the mixture was refluxed 1/2 h. The 
5 supernatant was removed, the residue was washed with 10 ml 
of abs. ethanol, and the combined supernatants were 
concentrated under reduced pressure. The resulting resin 
was flash chromatographed on silica gel using 15% ethyl 
acetate/hexane as eluent. Appropriate fractions were 
10 pooled, concentrated, and then recrystallized from hexane to 
give solid product (117. S mg, 0.4619 mmol, 31%), m.p, 
87.92«C. 



Example 72 - Estra-1 , 3 , 5 (10) , 16-tetraen-6-one-3-acet:at:q . 
Chromium trioxide (13.40 g, 0.1340 mol) was 

15 suspended in 200 ml of methylene chloride and then cooled to 
-10**C in an ice-salt bath. 3 , S-Dimethylpyrazole (12.90 g, 
0.1342 mol) was added and the mixture was stirred 20 min. 
See Figure 13. Estra-1, 3 , 5 (10) , 16-tetraen-3-yl acetate 
(4.00 g, 13.5 mmol) in a chilled solution of 20 ml of 

20 methylene chloride was added and the reaction stirred 2 h, 
during which time T-^-8*C. The mixture was then filtered 
through 200 g of silica gel and the product was eluted with 
further methylene chloride. After combining and 
concentrating appropriate fractions the crude product was 

25 flash chromatographed on silica gel using 15% ethyl 

acetate/hexane as eluent. Pooling of appropriate fractions 
and concentration under reduced pressure yielded a white 
solid (0.92 g, 3-0 mmol, 22%), m.p, 87-103«C. 

Example 7:^ - Estra^l. 3. S (IQ) . 16-tetraen-3-ol>6-one. 
30 Estra-1, 3, 5 (10) , 16-tetraen-6-one-3-acetate (203 . 1 

nig, 0.6543 mmol) in 30 of methanol was saponified with 1.5 
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ml of 5* (w/w) sodium hydroxide for 40 min. See Figure 156. 
The reaction mixture was concentrated under reduced 
pressure, taken up in 50 ml of water, neutralized with IN 
HCl, and extracted three times with 25 ml portions of 
methylene chloride. The combined organic extracts were 
washed with 50 ml of brine, dried over magnesium sulfate, 
filtered, and concentrated to give a white solid which was 
purified by recrystallization from benzene/hexane and 
preparative TLC to give white crystalline solid (52.8 mg, 
0.197 mmol, 30%), m.p. 188-191*>C, 

gxample 74 - Sstra-1, 3 . 5 (10) . 16-tetragn -6g-ol-3-vl acetatrg> . 

Estra-1, 3, 5 (10) , 16-tetraen-6-one-3 -yl acetate, 6 
(421.4 mg, 1.358 mmol) , suspended in 35 ml of 95V ethanol 
was reduced with sodium borohydride (98.8 mg, 2.61 mmol) for 
100 min. at room temperature. See FIG. 13. After 
concentrating under reduced pressure the residue was 
suspended in 25 ml of water, neutralized with IN HCl, and 
extracted three times with 25 ml portions of methylene 
chloride. The combined organic extracts were washed with 25 
ml of brine, dried over magnesium 30 sulfate, filtered, and 
concentrated. The resulting white foam was flash 
chromatographed on silica gel using 25% ethyl acetate/hexane 
as eluent. Combining fractions and concentration gave a 
white solid (0.12 g, 0.38 mmol, 28%), m.p. 209-212<'C, 

Sxample 75 ■ Eatra-1.3.5fini ifi-tetra^n-^.f^^^inl 

To a suspension of lithium aluminum hydride (LAH, 
95%, 46.9 mg, 1.17 mmol) in 5 ml of anhydrous THF was added 
estra-l,3,5(10) ,16-tetraen-6-one-3-yl acetate, 6 (422.9 mg, 
1.360 mmol) in 5 ml of anhydrous THF dropwise, with 
stirring. See FIG. 156. The reaction was stirred 50 min., 
after which further LAH (46.5 mg, 1.16 mmol) was added and 
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the reaction stirred 22 h. After refluxing 4 h TLC still 
showed starting material. The reaction was quenched with 
0.5 ml of water + 0.5 ml of 20% (w/w) sulfuric acid and 
concentrated under reduced pressure. The residue was 
5 extracted four times with 10 ml portions of hot ethyl 

acetate and filtered through Celite. The combined filtrates 
were concentrated and purified twice by flash chromatography 
to give solid product (0.05 g, 0.2 mmol, 10%), m.p. 
150-157OC. 

10 Example 76 - Estra^l . 3 . 5 (10) , 7-tetraen-3 -ol . 

To a suspension of equilin (100,2 mg, 0.3733 mmol) 
in 2 ml of diethylene glycol were added hydrazine (59 ixL, 
1.9 mmol) and potassium hydroxide (0.04 g, 0.7 mmol). See 
FIG. 157. The mixture was stirred in an oil bath at 

15 200-214*C for 2h, after which the cooled reaction was 

diluted with 10 ml of water, neutralized with IN HCl, and 
extracted three times with 25 ml of ether. The combined 
organic extracts were washed with 10 ml of brine, dried over 
magnesium sulfate, filtered, concentrated, and purified by 

20 preparative TLC (silica gel, 15% ethyl acetate/hexane 
eluent) to give a yellow resin. Product was further 
purified by decolorizing with charcoal and recrystallization 
from aqueous ethanol to give tan crystals (13.2 mg, 51.9 mM, 
14%) , m,p, 130-134<»C. 

25 Example 77 ■ 20-Hom oegtra-l . 3 . 5 (10) . 6 . 8 , 17-hexaen-3 -ol . 

A suspension of triphenylmethylphoaphonium bromide 
(€71.0 mg, 1.878 mg) and potassium t-butoxide (212.1 mg, 
1.890 mmol) in 2.1 ml of anhydrous DMSO was heated in a 
76-86*»C bath under argon for 1 h, after which equilenin 

30 (100.1 mg, 0.3579 mmol) in 2.1 ml of anh. See FIG. 157. 
DMSO was added and the green solution was stirred 1 h. 
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After cooling 10 ml of ice -IN HCl were added and the mixture 
was extracted with three 10 ml portions of ether. The 
combined organic extracts were washed with 10 ml of 
saturated sodi um bicarbonate +■ 10 ml of brine, dried over 
5 magnesium sulfate, filtered through Celite, concentrated and 
purified. 

Example 78 - Estra- 1 , 3 . 5 (10) . 6 ■ tetraen- 3 - ol >17 - (p- 

t^Q^ueT^ggMi^QnyJr) hY<aya?Qng> 

A suspension of 6-dehydroestrone (538.0 mg, 2.004 
10 mmol) and p- toluenesulfonylhydrazide (pTsNHNHj, 466.6 mg, 

2.506 mmol) in anh. methanol (5.4 ml) was refluxed 25 h with 
exclusion of moisture. See FIG. 15. After concentrating 
under reduced pressure the reaction residue was flash 
chromatographed (50% ethyl acetate/hexanes on silica gel) to. 
15 give an off-white foam (942.5 rag), representing >100% yield. 

Example 79 - Estra-1. 3 . 5 (10) , 6-tetraen-3-ol-l7- (p- 

tQiu^ng^Mi £<?nYl ) hy<ar$izpng ■ 

To a cooled (ice water bath) solution of crude 
estral,3,5(10) , 6-tetraen-3-ol-17- (p- 

20 toluenesulfonyDhydrazone (i, 942.5 mg, s2.004 mmol) in 

tetrahydrofuran (THF) under argon was added n-butyllithium 
(2.5 H in hexane, 3.2 ml, 8.0 mmol) dropwise with stirring, 
over a period of 7 min. See FIG. 158. Stirring was 
continued 48 h, during which the reaction was allowed to 

25 gradually warm to room temperature. SO ml of 1 JI' 

hydrochloric acid were added and the reaction mixture was 
extracted with three 25 ml portions of ether. The combined 
organic extracts were washed with 50 ml of brine, dried over 
magnesium sulfate, and filtered through diatomaceous earth. 

30 The residue was washed with 10 ml of ether and the combined 
filtrates were concentrated under reduced pressure. Crude 
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product was purified by flash chromatography (20V ethyl 
acetate/hexanes on silica gel) and preparative TLC (20% 
ethyl acetate/hexanes on silica gel GF, 1000/i thickness) to 
give a white, crystalline film (134.5 mg, 0.5331 mmol, 27%) 
5 homogeneous to TLC (20% ethyl acetate/hexanes on . silica gel, 
Rf 0.39) . 

Example 80 - Estra- 1.3.5( 10). 6. 16-oentaen-3 -vl ^ar^r ai;^ 

A solution of estra-1, 3, 5 (10) , 16-pentaen-3-ol (2, 
97,9 mg, 0388 mmol) in anh. pyridine (1.3 ml, 16 mmol) and 

10 acetic anhydride (0.18 ml, 1.9 mmol) was stirred 24 h, after 
which ethyl acetate (15 ml) was added and the mixture washed 
with three 5 ml aliquots of 1 N hydrochloric acid + 5 ml of 
saturated sodium bicarbonate ^- 5 ml brine, dried over 
magnesium sulfate, and filtered through diatomaceous earth. 

15 See FIG. 15. The residue was washed with 5 ml of ethyl 

acetate and the combined filtrates were concentrated under 
reduced pressure. Preparative TLC (10% ethyl 
acetate/hexanes on silica gel OF, 1000 thickness) of the 
residue gave a slightly yellow cirystalline solid (74.9 mg, 

20 0.254 mmol, 66%) homogeneous to TLC (10% ethyl 
acetate/hexanes on silica gel, R, 0.40). 

Example 81 - Estra- 1. 3. 5 (10) . 7-tetraen-3-ol-17- (p- 
tolueneaulf onvl) hvdrazone - 

Equilin (500.1 mg, 1.863 mmol) and p-TsNHNH, (433,7 

25 mg, 2.329 mmol) suspended in anh. methanol (5.0 ml) were 
refluxed 24 h with exclusion of moisture. See FIG. 15. 
After concentrating under reduced pressure the residual 
reaction mixture was flash chromatographed (35% ethyl 
acetate/hexanes on silica gel) to give a white foam (899.9 

30 mg) representing >100% yield. 
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Example 83 - Estra-1. 3 . 5 (10) . 7. jg-pent^ aenO-Ql . 

To a cooled (ice water bath) solution of crude 
9stra-l, 3, 5 (10) , 7-tetraen-3-ol, -17- (p-toluenesulf onyl) 
hydrazone (1, 399.9 mg, $1,863 mmol) in anh. THF (20 ml) 
under argon was added n-butyllithium (2.5 JJ in hexane, 3.0 
ml, 7.5 mmol) dropwise with stirring over a period of 3 min. 
See FIG. 15. Stirring was continued 48 h, during which the 
reaction was allowed to gradually warm to room temperature. 
The reaction was poured into 50 ml of 1 N hydrochloric acid 
and the mixture was extracted with three 25 ml portions of 
ether. The combined organic extracts were washed with 50 ml 
of brine, dried over magnesium sulfate, and filtered through 
diatomaceous earth. The residue was washed with 10 ml of 
ether and the combined filtrates were concentrated under 
reduced pressure. The product was flashed chromatographed 
(20% ethyl acetate/hexanes on silica gel) and decolorized 
with carbon to give a yellow crystalline solid (274.8 mg, 
1.089 mmol, 58%) . 

example 83 - Estra- 1 . 3 . 5 (IQl . 7, 16-Dentaen-3 -vl agefai^^ 

A solution of estra- 1, 3 , 5 (10) , 7, i6-pentaen-3-ol (5, 
192.1 mg, 0.7612 mmol) in anh. pyridine (2.6 ml, 32 mmol) 
and acetic anhydride (0,36 ml, 3.8 mmol) was stirred 6 h, 
after which 30 ml of ethyl acetate were added. The mixture 
was washed with three 10 ml portions of 1 N hydrochloric 
acid + 10 ml of saturated sodium bicarbonate ^ 10 ml of 
brine, dried over magnesium sulfate, and filtered through 
diatomaceous earth. See Example 15. The residue was 
washed with 10 ml of ethyl acetate and the combined 
filtrates were concentrated under reduced pressure. 
Preparative TLC (5% ethyl acetate/hexanes on silica gel GF, 
1000/1 thic)cness) and recrystallization from aqueous ethanol 
gave fine white needles (78.6 mg, 0.267 mmol, 35%), m,p. 
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77-80*^C, TLC (4% ethyl acetate/hexanes on silica gel) 
showed 2 spots at R, 0.21 and 0,24. 

Example 84 - Estra- 1 . 3 . 5 ( 10) , 6 , 8 - oentaen- 3 -ol - 17- f ^^ 
tQlM^ne^uUonY; ) hY^ra?ong ■ 
5 Equilenin (0.6559 mg, 2.463 mmol) and p-TsNHNHj 

(573.6 mg, 3.08 0minol) suspended in anh. methanol (8.2 ml) 
were refluxed 24 h with exclusion of moisture. See FIG. 16. 
After cooling and concentrating under reduced pressure the 
reaction mixture was flash chromatographed (35-40V ethyl 
10 acetate/hexanes 57%) , m.p. 95-96*>C. TLC (2% ethyl 

acetate/hexanes on silica gel) showed product (R, 0.1) 
contained a trace contaminant at the origin. 

Example 65 - Estra-1 . 3 . 5 (101 . 6 . 8 . l6-hexaen- 3 *q1 . 

To a cooled (ice water bath) solution of crude 

15 estra- 1,3,5 ( 10) 6 , 8-pentaen-3-ol 17- (p- 

toluenesuf f onyl) hydrozone (7, 1.0887 g, s2463 mmol) in anh. 
THF (25 ml) under argon was added n-butyllithium (2.5 M in 
hexane, 3.9 ml, 9.8 mmol) dropwise with stirring over 2 min. 
See FIG. 159. Stirring was continued 3 days, during which 

20 the reaction was allowed to gradually warm to room 

temperature. 50 ml of IH hydrochloric acid- ice were added 
and the mixture was extracted three times with 25 ml 
portions of ether. The combined organic extracts were 
washed with 50 ml of brine, dried over magnesium sulfate, 

25 and filtered through diatomaceous earth. The residue was 
washed 10 ml of ether and the combined filtrates were 
concentrated under reduced pressure. Flash chromatography 
(20% ethyl acetate/hexanes on silica gel) and 
recrystallization from aqueous ethanol with charcoal 

30 decolorization gave tan platelets (245.8 mg, 0.9819 mmol, 
40%) , m.p. 162-1630C. 

- 196 - 



wo 97/36596 



PCT/US97/06061 



Example 86 - E5t:ra- 1 , 3 . 5 ( 10 ) . 6 . 8 , 16 - hex aen- 3 - vl acetate . 

A solution of estra- 1, 3 , 5 (10) , 6, 8 , ie-hexaen-3-ol 
Q8, 14 8.8 mg, 0.5944 mniol) in anh. pyridine (2.0 ml, 2 5 
mmol) and acetic anhydride (0.28 ml, 3.0 mmol) was stirred 6 
5 h, after which ethyl acetate (20 ml) was added. See FIG, 
159. The mixture was washed with three 10 ml portions of 1 
H hydrochloric acid + 10 ml of saturated sodium bicarbonate 
+ 10 ml of brine, dried over sodium sulfate, and filtered. 
The residue was washed with 5 ml of ethyl acetate and the 
10 combined filtrates were concentrated under reduced pressure. 
Recrystallization from 95% ethanol gave lustrous white 
platelets (99.4 mg, 0.340 mmol, 55%, m.p. 9596<»C. TLC (2% 
ethyl acetate/hazanes on silica gel) showed product (Rf 0.1) 
contained a trace contaminant at the origin. 

15 Example 87 - 17-Methvlenestra-l . 3 . 5110 ) -trien- 3>q1. 

A suspension of methyl triphenylphosphonium bromide 
(100.03 g, 0.28001 mol) and potassium t-butoxide (31.42 g, 
0.2800 mol) in anh. dimethylsulf oxide (DMSO, 320 ml) under 
argon was stirred in an oil bath (68-8IOC) 1 h, after which 

20 estrone (15.14 g, 55.99 mmol) in anh. DMSO (320 ml) was 

added via syringe. See FIG, 160. Stirring was continued 1 
h and the reaction allowed to cool. The mixture was poured 
into 800 ml of ice-1 U hydrochloric acid and then extracted 
three times with 400 ml aliquots of ether. The combined 

25 organic extracts were washed with 350 ml of saturated sodium 
bicarbonate 400 ml of brine, dried over sodium sulfate, 
and flash filtered through a 58mm high x 84 mm dia. column 
of silica gel (200-40 mesh) . Product continued eluting with 
additional ether. Concentration of appropriate fractions 

30 under reduced pressure and three- fold recrystallization from 
aqueous ethanol gave very fine white needles (11.47 g, 42.73 
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mmol. 76V), m.p. 134-136**C, homogeneous to TLC (20% ethyl 
acetate/hexanes on silica gel, 0.45). 

Example 88 - 17 -Methvlenestra- 1 , 3 , 5 ( 10 ) - trien- 2 - vl acetate . 
A solution of 17-methylenestra-l, 3, 5 (10) -crien-3-ol 
5 (ifi, 5.84 g, 21.8 mmol) in anh. pyridine (32 ml, 0.4 0 mol) 
and acetic anhydride (9.7 ml, 0.10 mol) was stirred 24, 
after which ethyl acetate (250 ml) was added. See FIG. 160. 
The mixture was washed with three 100 ml portions of 1 
hydrochloric acid + 100 ml of saturated sodium bicarbonate + 

10 100 ml of saturated copper sulfate + 100 ml of brine, dried 
over magnesium sulfate, and filtered through diatomaceous 
earth. The residue was washed with 25 ml of ethyl acetate 
and the combined filtrates were concentrated under reduced 
pressure. Recrystallization from aqueous ethanol gave 

15 lustrous white platelets (5.84 g, 18.8 mmol), m.p. ll-iS^'Q. 

Example 89 - 17-Methvlene8tra-1 . 3 . 5 ( IQ ) - trign-6 -vl 

To a suspension of chromium trioxide (6.19 g. 61.9 
mmol) cooled to -8<>C (ice-salt bath) in methylene chloride 

20 (100 ml) was added 2 , 4-dimethylpyrazole (5.95 g, 61*9 mmol). 
See FIG. 17, After stirring 20 min,, a solution of 17- 
methylenestra-l,3,5(10)-trien-3-yl acetate (H, 2.0001 g, 
6.4428 mmol) in 10 ml of chilled methylene chloride was 
added over a period of 2 min, so that the temperature did 

25 not reach -6«C. Stirring was continued 2 h and the mixture 
was then passed through a column of 100 g of silica gel 
(200-400 mesh) . Product continued eluting with further 
methylene chloride. Pooling and concentration of 
appropriate fractions under reduced pressure gave crude 

30 product, which was further purified by two- fold 

recrystallization from aqueous ethanol to give lustrous 
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off-white crystals {334.0 mg, 1.030 mmol, 16%), m,p, 
91-94*»C. TLC (25% ethyl acetate/hexanes on silica gel) 
showed product (R^ 0.47) with two minor contaminants at R* 
0.30 and 0.39. 

5 Example 90 - 17-Methvlenestra-l , 3 , 5 (10) -trien-3 , 6B-diol . 

To a suspension of lithium aluminum hydride (53.6 
mg, 1.41 mmol) in anh. THF (3.0 ml) under argon cooled in a 
dry ice/acetone bath was added 17 35 methylenestra- 
1,3,5(10) -trien-6-on-3-yl acetate (H, 251.7 mg, 0.7758 

10 mmol) in anh. THF (3.0 ml) dropwise with stirring over 8 
min. See FIG. 160. After stirring 2 h, the bath was 
removed and stirring continued a further hour. The reaction 
was quenched by stirring 1/2 h with Glauber's salt (1.78 g) . 
The resulting mixture was applied to a short pad of 

15 diatomaceous earth and extracted four times with 10 ml 

portions of ethyl acetate. Continued extraction with five 
10 ml portions of hot ethyl acetate and concentration of all 
extracts under reduced pressure gave a colorless film. 
Preparative TLC (40% ethyl acetate/hexanes on silica gel GF, 

20 ^°°*'IL thickness) gave a white foam (15.3 mg, 53.8 ILmol, 

7%) . TLC (40% ethyl acetate/hexanes on silica gel) showed 
major (R^ 0.29) and minor components (Rf 0,37). 

Example 91 > 17-Methvlenegtra>l. 3 . 5 (10) -trien-3-vl methvl 

25 To a stirred suspension of 17-methylenestra- 

1,3, 5(10) -trien-3-ol (5.37 g, 20.0 mmol) and potassium 
carbonate (50.82 g, 0.3678 mol) at reflux in 90% ethanol 
(500 ml) was added dimethyl sulfate (5.0 ml, 53 mmol). 
After 1/2 h reflux additional dimethyl sulfate (36 ml, 0,38 

30 mol, in three 12 ml aliquots) was added over the period of l 
h. See FIG. 160. The reaction was refluxed a further hour. 
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following which 360 ml of water were added and the mixture 
was placed in the refrigerator overnight. The resulting 
suspension was filtered and washed with 80 ml of 60% 
methanol -t- three 80 ml portions of 5V (w/w) sodium hydroxide 
5 ^ three 80 ml portions of water. The residue was 

recrystallized from aqueous methanol to give white crystals 
{3.88 g, 13.7 mmol, 69%), m.p. 59-62*»C. TLC (20% ethyl 
acetate/hexanes on silica gel) showed product (R^ 0.63) with 
trace contaminants at Rf 0.37 and at the origin. 

10 Example 92 - 17-Methvlenestra-2 . 5 (10) -dien-3-vl methvl 
ether. 

Approximately 70 ml of anh. ammonia was distilled 
through a KOH tower into a 2 50 ml flamedried 3 -neck flask 
fitted with an inlet adapter, magnetic stirring bar, dry 

15 ice/acetone condenser, and V ground glass stopper. See FIG. 
160. A solution of 17-methylenestra-l,3, 5 (10) - trien-3-yl 
methyl ether (ii, 1.1297 g, 4.0001 mmol) and t-butyl alcohol 
(13.21 g, 0.1782 mol) in dry THF (17 ml) was added, followed 
by lithium wire (0.47 g, 68 mg-atom) cut in small pieces. 

20 After refluxing under argon for 6 h anh. methanol (6.6 ml) 
was added and the suspension was stirred overnight while 
allowing ammonia to boil off. Water (100 ml) was added and 
the suspension was extracted three times with 50 ml portions 
of methylene chloride. The combined organic extracts were 

25 washed with 100 ml of brine, dried over sodium sulfate, and 
filtered. The residue waa washed with 25 ml of methylene 
chloride and the combined filtrates were concentrated under 
reduced pressure* The resulting light yellow oil was 
crystallized from aqueous ethanol to give lustrous white 

30 crystals (815.0 mg, 2.865 mmol, 72%), m.p. II-IS^C, 

homogeneous to TLC (R^ 0,60, 10% ethyl acetate/hexanes on 
silica gel) . 
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Con. hydrochloric acid (6.0 ml) and water (6.0 ml) 
were added to a solution of I7-methylenestra-2, 5 (10) -dien- 
3-yl niethyl ether ill, 702.8 mg. 2.471 mmol) in methanol (6 
5 ml) and acetone (20 ml). See Example 160. After stirring 1 
h, sodium bicarbonate (7,50 g) was added cautiously. The 
mixture was concentrated under reduced pressure once 
effervescence had ceased and water (50 ml) was added. The 
mixture was extracted three times with 25 ml portions of 

10 methylene chloride. The combined organic extracts were 
washed with 50 ml of brine, dried over magnesium sulfate, 
and filtered through diatomaceous earth. The residue was 
washed with 10 ml of methylene chloride and the combined 
filtrates were concentrated under reduced pressure. The 

15 product was purified by decolorization with charcoal, flash 
chromatography (20% ethyl acetate/hexanes on silica gel) , 
and recrystallization from aqueous ethanol to give a white 
powder (302.8 mg, 1.120 mmol, 45V), m.p. 33-89*'C. 

Example 94 - 17-Methvlenestr-4.en.3^-Ql , 

20 Lithium tri- t-butoxyaluminohydride (766.6 mg, 3.015 

mmol) was added to a solution of 17-methylenestr-4-en-3-one 
(16, 203.7 mg, 0.7533 mmol) in 10 ml of anh. ether and the 
reaction was stirred 420 h. See FIG. 161. Glauber's salt 
(3.80 g) was added and the suspension was stirred an 

25 additional 1/2 h. The mixture was filtered through 

diatomaceous earth and the residue was washed five times 
with 10 ml portions of ether. The combined filtrates were 
concentrated under reduced pressure and then subjected to 
preparative TLC (5% ethyl acetate/methylene chloride on 

30 silica gel GP, 1000 thickness) to give white needles (60.2 
mg. 0.221 mmol, 29%) homogeneous to TLC (R^ 0.37, 5% ethyl 
acetate/methylene chloride on silica gel) . 
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Example 95 - 17-Methvlenestra- 1 , 3 , 5 ( IQ ) . 7- t etraenO -ol . 

Methyltriphenylphosphonium bromide (1.9967 g, 
5.5892 mmol) and potassium t-butoxide (627.2 mg, 5.589 mmol) 
suspended in 6 . 1 ml of anh. DMSO under argon were Ih in an 
5 oil bath (71-83«G, after which equilin (300.0 mg, 1.118 
mmol) in 6.1 ml of anh. DMSO was added via syringe. See 
FIG. 161. After stirring a further 70 min., the reaction 
mixture was poured into 40 ml of ice water and extracted 
three times with 25 ml portions of ether. The combined 

10 organic extracts were washed with 25 ml of brine, dried over 
magnesium sulfate, and filtered through diatomaceous earth. 
The residue was washed with 10 ml of ether and the combined 
filtrates were concentrated under reduced pressure. Flash 
chromatography (15V ethyl acetate/hexanes on silica gel) 

15 followed by preparative TLC (20% ethyl acetate/hexanes on 
silica gel OF, 1000 ^ thickness) gave an opaque white film 
(162.3 mg, 0.6093 mmol, 54%). 

Example 96 ■ 17-Methvlene3tra-1. 3 . 5 (10) . 7>tetraen-3-vl 
^^cetL^. 

20 Methyltriphenylphosphonium bromide (3.33 g, 9.32 

mmol) and potassium t-butoxide (1.05 g, 9.36 mmol) suspended 
in 10 ml of anh. DMSO under argon was stirred 1 h in an oil 
bath (77-79**C) , following which equilin (500.0 mg, 1.863 
mmol) in 10 ml of anh. DMSO was added via syringe. See 

25 FIG. 161. After stirring a further hour the cooled reaction 
mixture was poured into 50 ml of ice-1 H hydrochloric acid 
and extracted three times with 25 ml portions of ether. The 
combined organic extracts were washed with 25 ml of brine, 
dried over magnesium sulfate, and filtered through 

30 diatomaceous earth. The residue was washed with 10 ml of 
ether and combined filtrates concentrated under reduced 
pressure. The resulting light yellow syrup was taken up in 

- 202 - 



wo 97/36596 



PCT/US97/06061 



anh. pyridine (6.3 ml, 78 mmol) , acetic anhydride was added 
(0.88 ml, 9.3 mmol), and the reaction mixture was stirred 16 
h. The mixture was then poured into 100 ml of 1 JJ 
hydrochloric acid and extracted three times with 50 ml 
5 portions of ether. The combined organic extracts were 

washed with 100 ml of saturated sodium bicarbonate 100 ml 
of brine, dried over magnesium sulfate, and filtered through 
diatomaceous earth. The residue was washed with 25 ml of 
ether and the combined filtrates were concentrated under 
10 reduced pressure. The crude acetate was flash 

chromatographed (5% ethyl acetate/hexanes on silica gel) to 
give a yellow resin (494.7 mg, 1,604 mmol, 36%). 

• Example 97 ■ E3tra-4 , 16-dien-lQg-ol-3 -one . 

To a frozen (dry ice/acetone) suspension of 

15 estra'5 (10) , 16-dien-3-one {1, 115.7 mg, 0.4513 mmol) in 

chloroform (3 ml) was added m-chloroperbenzoic acid (MCPBA, 
77.4%, 420.8 mq, 1.89 mEquiv. of peracid) suspended in ether 
4.3ml) and the mixture was stirred 2 h. See FIG. 162, The 
reaction was then stored in a refrigerator for 18 h, after 

20 which sodium thiosulfate pentahydrate [5% (w/w) , 25 g] was 
added. After stirring 5 min., the mixture was extracted 
three times with 10 ml portions of ether. The. combined 
organic extracts were washed with 25 ml of saturated sodium 
bicarbonate 4- 25 ml of brine, dried over magnesium sulfate, 

25 and filtered through diatomaceous earth. The residue was 
washed with 10 ml of ether and the combined filtrates were 
concentrated under reduced pressure. TLC suggested the 
intermediate 5 B, lOB- epoxide had undergone partial 
elimination. Elimination was completed by refluxing the 

3 0 white crystalline residue for 1 h in 20 g of 5% (w/w) 

potassium hydroxide in anh. methanol. The reaction mixture 
was poured into 50 ml of ice water 5 and extracted with 50 
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ml of ether. The organic extract was washed twice with 50 
ml portions of water, dried over sodium sulfate, and 
filtered through diatomaceous earth. The residue was washed 
with 20 ml of ether and the combined filtrates were 
5 concentrated under reduced pressure. The residue was 

subjected to preparative TLC (50% ethyl acetate/hexanes on 
silica gel GF, 1000 /i thickness) to give a colorless resin 
(19,7 mg, 72.3 M mol, 16%). 

Example 99 - 18-Nor-17-methvle3tra-4 . 13 (17) >dien-3-ol . 

10 ' To a cooled {ice water bath) solution of 18- 

nor-17-methylestra-4, 13 (17) .dien-3-one (1, 0,23 g, 0.90 
mmol) in anh. methanol (2.3 ml) was added sodium borohydride 
(0.23 g, 6.1 mmol) and the reaction was stirred for 2 h. 
See FIG. 162. Solvent was removed under reduced pressure 

15 and 10 ml of water were added to the residue. The mixture 
was then extracted three times with 10 ml portions of 
methylene chloride. The combined organic extracts were 
washed with 10 ml of brine, dried over magnesium sulfate, 
and filtered through diatomaceous earth. The residue was 

20 washed twice with 5 ml of methylene chloride and the 

combined filtrates were concentrated under reduced pressure. 
The resulting slightly yellow solid was purified by 
preparative TLC (5% ethyl acetate/methylene chloride on 
silica gel GF, 1000 thickness) to give a yellow solid (53.6 

25 mg, 0.207 mmol, 23%) homogeneous to TLC (5% ethyl 
acetate/methylene chloride on silica gel; Rf 0.32). 

Example 99 - Andro3ta-4 . 16-dien-3-one. 

This synthesis is depicted in Figure 178. Several 
methods are )cnown for the conversion of testosterone into 
30 Androsta-4, i6-dien-3-one (Brooksbank £t Biochem. J. 

(1950) AZ:36). Alternatively, thermolysis (460«) of the 
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methyl 15 carbonace of tescosterone gives 
Androsta-4, 16-dien-3-one in 90% yield. 

17B-MethoxyCarbonyioxy-androst-4en-3-one (IV) was prepared 
from tescoscerone (III. Fluka) with mechyl 
5 chlorof ormate/pyridine (a) in 76% yield (after 

recrystallization from MeOH) . M.p, 140-141O, (a)o =. +95, 4^ 
(C » 1,10) - IR. (CDCI3) : 1740s, 1665s, 1450s, 12803, - 
^H-NMR. (360 MHz): 0.87 (s, 3 H) ; 1.20 (s, 3 H) ; 3.77 (s, 3 
H) ; 4.53 (br. t, J 8, 1 H) ; 5.75 (s, 1 H) . A solution of 

10 the methyl carbonate IV in toluene was pyrolyzed (b) as 25 
described for I. Recrystallization of the crude product 
from acetone at RT. gave pure ketone 4 in 90% yield. M.p. 
127-129. 5^ (a)o +118. 9» (C = 1.32) ([3]: m.p. 131.5-133.5*' 
(hexane), (alple - +123±3.5^ (C « 1.03)). - IR, (CDCI3) : 

15 3050W, 1660s, 1615m. - 'H-NMR. (360 MHz): 0.82 (s, 3 H) ; 

1.22 (s, 3 H) ; 5,70 (m, 1 H) ; 5.73 (s, 1 H) ; 5.84 (m, 1 H) . 

example 100 - AndrQSta-4,16-dien-3tt-ol (S) and 

These syntheses are depicted in Figure 178. 

Androsta-4, 16-dien-3-one (4) was reduced at -S5<> with 5 
20 lithium tris (1, 2-diraethylpropyl) hydridoborate in THF (c) 

as described for the preparation of 2 (Figure 1) . 

Chromatography on silica gel with CHjClj/ethyl acetate 9:1 

gave pure axial alcohol 5 (48% yield) and pure equatorial 

alcohol 6 (4 8% yield) . Analytical samples were further 
25 purified by recrystallization (from PE at -30* for 5, from 

cyclohexane at RT. for 6) . 

Data of 5. M.p. 77-79<», [a]^ +120,6» (C « 1,26) - 

IR. (CDCI3) : 3620m, 3440m br. , 1660m, 1595w. -^H-NMR. (360 

MHz) : 0.79 (s, 3 H) ; 1,02 (s, 3 H) ; 4.07 (m, w^ - 10, 1 H) ; 
30 5,48 (d X d, J 5 and 2, 1 H) ; 5.71 (m, 1 H) ; 5.85 (m, 1 H) . 

Data of 6. M.p. 116.1190, [a]j> ^-53,9* (C . 1.28) 

((47): m.p. 116.1180, [^D +59.3*> (C » 0.4) - IR, (CDCI3) : 
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3610m, 3420m br., 3050m, 1660m, 1590w. - -H- ^JMR. (360 MHz): 
0,78 (s, 3 H) ; 1,08 (s, 3 H) ; 4.15 (m, - 20, 1 H) ; 5.3 0 
(m, - 5, 1 H) ; 5.71 (m, 1 H) ; 5,85 (m, 1 H) . 

Example lOl - Androsta-S . 16-di en-3a-Ql . 
5 This synthesis is depicted in Figure 179. To a 

solution of alcohol 8 {545 mg, 2.0 mmol) in acetone (100 ml) 
at O^C under was added rapidly Jones reagent (i, 1.5 ml, 
ca. 4 mmol). After 5 min. , the mixture was poured into a 
dilute phosphate buffer (pH 7.2, 1200 ml) and extracted with 

10 ether. The extracts were washed with sat. aq, NaCl 

solution, dried (Na2S04) and evaporated to give mainly 
Androsta-5, 16-dien-3-one as an oil (567 mg) . The crude 
product was dissolved in THF (7 ml) and reduced with lithium 
tris (1, 2-dimethylpropyl) hydridoborate (c) at ,55« as 

15 described for the preparation of 2. The crude product (530 
mg) was chromatographed on silica gel (100 g) with 
CHjCla/ethyl acetate 4 : 1 to give 280 mg (Sllr) of pure 
a-alcohol 7 (eluted first) and 13 mg of 5 starting alcohol 
8. A small sample of 7 was recrystallized from 

20 acetone/water at RT, M.p. 1380, l^]D -77.5* (c=1.2. - IR. 
(CDCI3) : 3580m, 3430m, 1665w, 1590w, - 'H-NMR. (360 MHz): 
0,80 (s, 3 H) ; 1.06 (s, 3 H) ; 4.02 (m, w^8, 1 H) ; 5.44 (m, 1 
H) ; 5.72 (m, 1 H) ; 5.86 (m, 1 H) . 

25 This compound was prepared in 73% yield by a known 

procedure (Marx, A.F., et al. . Ger. Of fen. 2,631,915; Chem. 
Abst. 87:23614p (1977)) from commercial (Fluka) 
3B-hydroxy-androst-5-en-17-one (VII) . M.p. 137*>, [a]o « 
-71.9*» (c«1.5) ([48]: m.p. 140-141*, [a] 0 » 68«. - IR. 

30 (CDClj) : 3600m, 3420m br., 1670w, 1590w, - ^H-NMR. (360 

MHz): 0.80 (s, 3 H) ; 1.05 (s, 3 H) ; 3.53 (m, w«-22, 1 H) ; 
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5.38 (m, 1 H) ; 5.72 (m, 1 H) ; 5.86 (m, 1 H) . This synthesis 
is depicted in Figure 4. 

Example 103 - Altiernate synth esis of Androst:a-4 . 16 -dienO > 

5 The following method of synthesis is depicted in 

Figure 180: 

Dehydroepiandrosterone p-Toluenesulf onylhydrazone 

Dehydroepiandrosterone (VII) (14.4 g, 50.0 m mole) 
and p-toluenesulfonylhydrazide (12.75 g, 68.5 m mole) in dry 

10 methanol (3 00 ml) were heated under reflux for 20 hours. 

The mixture was transferred to a conical flask and allowed 
to cool. The crystalline product was filtered under suction 
and washed with methanol (50 ml) . Further crops of product 
were obtained by sequentially evaporating the filtrate to 75 

15 ml and 20 ml, and allowing crystallization each time. Total 
yield was 21.6 g (95%) . 

Androsta-5, 16-dien-3/?-ol 

Dehydroepiandrosterone p-toluenesulfonylhydrazone 
(22. 8g, 50.0 m mole) in dry tetrahydrof uran (1.0 liters) was 

20 cooled in a dry ice/isopropanol bath. The mixture was 

stirred while n-butyl lithium (125 ml of 1.6 M solution in 
hexane, 200 m mole) was added. The mixture was allowed to 
warm to room temperature and was stirred for 24 hours. 
Water (50 ml) was added with cooling in ice. The mixture 

25 was poured into saturated ammonium chloride solution/ice 

(500 ml) and extracted with ether (x2) . The organic layers 
were washed with saturated sodium bicarbonate solution (500 
ml) and saturated sodium chloride solution (500 ml) /dried 
(MgSOJ and evaporated in vacuo to give the crude product. 

30 This was purified by flash chromatography on 190 g silica 
gel 60, 230-400 mesh, eluting with ethyl acetate/hexane 
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(20 : 80-»50 : 50) to give crystalline material. The product was 
recrystallized from methanol (45 ml)/3V hydrogen peroxide 
-(8 ml) 25 washing with methanol (30 ml) /water (8 ml) to 
give pure product (6.75 g, 50%), 

5 Androsta-4, 16-dien-3 -one 

A solution of 10 g of Androsta-5, 16-dien-3^-ol in 
475 cc of toluene and 75 cc of 30 cyclohexanone was 
distilled (ca. 50 cc of distillate was collected) to 
eliminate moisture, 5 g of AKOPr'-jj in 50 cc of toluene was 

10 added and the solution was refluxed for 1 hour. Water then 
was added, volatile components were removed by steam 
distillation and the residue was extracted with chloroform. 
Evaporation of the dried extract, followed by 
crystallization of the residue from chloroform- hexane, 

15 yielded 7,53 g of Androsta-4 , 165 dien-3-one (25). Another 
0,97 g (total, 8.5 g, 86%) was obtained by chromatography of 
the mother liquor on neutral alumina. 

Example 104 - Svnthesis of Androsta-3 . 5 . 16-trien-3 -vl methvl 

20 To a partial solution of androsta*4 , 16-dien-3-one 

(1.00 g, 3,70 mmol) in 2.2 dimethoxypropane (5.0 ml, 41 
mmol) and 5 ml DMF were added methanol (0.2 ml) and 
p-toluenesulfonic acid monohydrate (26.4 mg, 0.139 mmol). 
The mixture was reflxixed 5 h, after which it was cooled and 

25 sodium bicarbonate (152.5 mg) was added. The suspension was 
partitioned between 50 ml of ice water and 50 ml of ethyl 
acetate. The organic layer was washed with two 50 ml 
portions of water + 50 ml of brine, dried over 20 magnesium 
sulfate, filtered, and concentrated under reduced pressure. 

30 The residual oil was taken up in 50 ml of hot hexane and 
filtered through a 12 mm x 30 mm column of silica gel 60 
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using 150 ml of hoc hexane. The combined filtrates were 
concentrated under reduced pressure and recrystallized from 
acetone/mechanol to give white crystals (468.0 mg, 1.645 
mmol, 44%), m.p. 83-92"'C. 

g?^^mPl? IPS - gvnthesis of 17-methvl«»nA - AndrQgr-A.»r,-^ i 

To 20-homoandrosta-4,17-dien-3-one (119.0 mg, 0.4184 
mmol) in 5 ml of methanol were added sodium borohydride (6.0 
mg, 0.16 mmol) and 77 nL of water. After stirring 2 h 
further sodium borohydride (32.0 mg, 0.846 mmol) was added 
and the mixture was stirred overnight. After concentrating 
under reduced (5% ethyl acetate/hexane on silica gel) to 
give a more polar (59.8 mg) and a less polar (1.7 mg) 
product . 

E;?^Smpl^ IQg - Synthesis of 17-met:hvlen e-6.Q3fQ-Ar,drosra -4-^^ - 

To a cooled solution of 20-homoandrosta- 
5,17-dien-3-ol (399.4 mg, 1.394 mmol) in 50 ml of acetone 
was added 2.67M Jones reagent (2.0 ml, 5.3 mmol). After 
stirring 1 h the reaction was quenched with isopropanol (1.0 
ml, 13 mmol) and poured into 100 ml of water. The mixture 
was extracted three times with SO ml portions of ethyl 
acetate and the combined organic extracts were washed with 
50 ml of saturated sodium bicarbonate + 50 ml of brine. The 
organic phase was then dried over magnesium sulfate, 
filtered, and concentrated under reduced pressure. The 
residue was recrystallized from 95% ethanol to give an 
almost white powder (177.8 mg, 0.5958 mmol, 43%), m.p. 
113-115'C. 
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Example 107 - Synthesis of 6fl-0H-AndrQSt:a-4 . Ig-q^jon-^-^P? 

. To a solution of androsta-3, 5, 16-trien-3-yl mechyl 
ether, (12) (200.5 mg, 0.7049 mmol) , in 5 ml of 
1, 2-dimethoxyethane (DME) and 1 ml of water was added 
5 m-chloroperbenzoic acid (MCPBA, 77.4%, 173.2 mg, 3.776 mmol) 
suspended in 5 ml of DME + l ml of water 0.40 g of 5% 
(w/w) NaOH dropwise, with stirring, over a period of 90 min. 
After stirring 18 h further MCPBA (247.0 mg, l.ll mmol) 
suspended in 10 ml of DME + 2 ml of water + 0.8 g of 5% 

10 (w/w) NaOH was added dropwise, with stirring, over 1 1/2 h. 
The reaction mixture was stirred 1/2 h and then poured into 
2 5 ml of saturated sodium bicarbonate. The aqueous mixture 
was extracted three times with 25 ml of ether and the 
combined organic extracts were washed with 50 g of 5% (w/w) 

15 sodium thiosulfate + three SO ml portions of brine, dried 
over magnesium sulfate, filtered through Celite, and 
concentrated under reduced pressure. The resulting 
crystalline residue was purified by preparative TLC (35% 
ethyl acetate /hexane on silica gel) followed by two-fold 

20 recrystallization from aqueous ethanol to give lustrous 
white platelets (102.3 mg, 0.3S71 mmol, 51%), m,p. 
165-166°C. 

Example 1Q8 - 18-NQr-17-methvlandrosta-4 . 13 ( 17) -dien-3-ol . 
Refer to FIG. 189. To a solution of 18- 

25 nor-17-methylandrosta-4, 13 (17) -dien-3-one (1, 378.2 mg, 

1.399 mmol) in 7.5 ml of ahh. ether were added 59.7 mg (1.57 
mmol) pf lithium aluminum hydride (LAH) , After stirring the 
resulting suspension for 3 0 min. 2.00 g of Glauber's salt 
were added and the mixture was stirred a further 30 min. 

30 The mixture was then filtered and extracted with four 25 ml 
portions of ether. The combined filtrates were concentrated 
under reduced pressure and then subjected to preparative TLC 
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(silica gel GF, 1000m. 5% echyl acetace/methylene chloride 
as eluent) to give a less polar fraction (Rf 0.63, 34.5 mg, 
0.127 mmol, 9%) and a more polar fraction (R, 0.45, 273.8 
mg, 1.005 mmol , 72%) . 

5 Example 109 - 18-Nor-l7-methv1andro5ta-l . 5. 13 (17) -rrien-3-vl 

Refer to FIG. 189. A solution of 18-nor-17- 
methylandrosta-4, 13 (17) -dien-3-one (i, 0.86 g, 3.2 mmol) in 
2, 2-dimethoxypropane (4.3 ml, 35 mmol) and dimethyl formamide 

10 (DMF, 4.3 ml) containing anh. methanol (0.17 ml) and p- 

toluenesulfonic acid monohydrate (21.3 mg) was refluxed 4 h 
and then allowed to cool. Sodium bicarbonate (0.13 g) was 
added and the mixture was partitioned between 65 ml of 
hexanes and 4 0 ml of ice water. The organic phase was 

15 washed with two 4 0 ml portions of water + 40 ml of brine and 
then flash filtered through a 17 mm high x 30 mm dia. column 
of silica gel (200-400 mesh) . Concentration of the combined 
filtrates followed by recrystallization from acetone/9SV 
ethanol gave bright yellow crystals (489.6 mg, 1.721 mmol, 

20 54%), m.p. 95-101<*C. TLC (10% ethyl acetate/hexanes on 

silica gel) showed a major product at 0.69 with a trace 
contaminant at the origin. 

Example no - 18-NQr-17-methvlandrQ3ta*4 . 13 ( 17) -dien-g^,n1 ^ 

25 Refer to FIG. 189. Reaction was carried out similar 

to the procedure of D, N. KirJc and J, M. Wiles, J. Chem. 
Soc, Chem. Cotmmm. 1974, 927. To a stirred solution of 
18-nor-17-methylandrosta-3,5, 13 (17) -trien-3-yl methyl ether 
(477.0 mg, 1.677 mmol) in 1,2-dimethoxyethane (DME, 20 26 

30 ml) was added 77% m-chloroper benzoic acid (MCPBA, 999.7 mg, 
4.48 mEq) suspended in DME (39 ml), water (8 ml), and 5% 
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(w/w) sodium hydroxide (7.1 ml), over a period of 88 min. 
After stirring 20 h the reaction mixture was poured into 
saturated sodium bicarbonate (50 ml) and extracted with 
three 50 ml portions of ether. The combined organic 
5 extracts were washed with 50 g of 5% (w/w) sodium 

thiosulfate pentahydrate + three 50 ml portions of brine, 
dried over magnesium sulfate, and filtered through 
diatomaceous earth. The residue was washed with 25 ml of 
ether and the combined filtrates were concentrated under 

10 reduced pressure to give a yellow syrup. Purification by 
preparative TLC (silica gel GF, 1000 fx, 35% ethyl 
acetate/hexanes as eluent) gave an off-white crystalline 
film (132.1 mg, 0.4612 mmol, 28%) which TLC (35% ethyl 
acetate/hexanes on silica gel) showed contained a major 

15 component (R^ 0.23) and a minor component (R, 0.18) 

Example ill - 17g-Methvlandrost-4-en-3. 6-dione . 

Refer to FIG. 189. Jones reagent (2.67 0.88 ml, 
2.3 mmol) was added to a solution of 17)3- 

methylandrost-5-en-3/8-ol (i, 135.5 mg, 0.4697 mmol) (J. B. 

20 Jones and K. D. Gordon, Can. J". Chem. 1972, 50, 2712-2718) 
in acetone (15 ml) and the mixture was 10 stirred 45 min. 
The reaction was quenched with the addition of 2-propanol 
(0.44 ml). After stirring a further 10 rain., the reaction 
mixture was poured into 3 0 ml of water and extracted with 

25 three 15 ml portions of ethyl acetate. The combined organic 
extracts were washed with 15 ml of saturated sodium 
bicarbonate + 15 ml of brine, dried over magnesium sulfate, 
and filtered through diatomaceous earth. The residue was 
washed with 10 ml of ethyl acetate and the combined 

30 filtrates were concentrated under reduced pressure. 
Preparative TLC (silica gel GF, 1000 ^l, 25% ethyl 
acetate/hexanes as eluent) , and recrystallization from 
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aqueous ethanol gave lustrous off-white crystals (37.5 mg, 
0.125 mmol, 27%), m.p. 94-95*'C, homogeneous to TLC (25% 
ethyl acetate/hexanes on silica gel, R, 0.39). 

Example 112 - 17fl-Methvlan drost-4-gn-->-n1 

Refer to FIG. 189. LAH (21.3 mg, 0.561 mmol) was 
added to a solution of 17jS-methylandrost-4-en-3 -one (7, 
143.2 mg, 0.4999 mmol) (J. B. Jones and K. D. Gordon, Can. 
Chem. 1972, 50, 2712-2718) in 2.8 ml of anh. ether. After 
stirring the suspension for 30 min. Glauber's salt (0.76 g) 
was added and the mixture stirred a further 1/2 h. Ether 
(10 ml) was added and the suspension was filtered through 
diatomaceous earth. The residue was washed with three 10 ml 
portions of ether and the combined filtrates were 
concentrated under reduced pressure. The crude product was 
separated by preparative TLC (silica gel GF, 1000 /x, 5% 
ethyl acetate/methylene chloride as eluent) into a more 
polar component (R^ 0.30^ 77.9 mg, 0.270 mmol, 54%) and a 
less polar component (Rf lO 0.43, 10.3 mg, 0.0357 mmol, 7%). 

Fyample 113 - 17-Methvlena n drosta-3 . 5-dien-3-vl methyl 
ether. 

Refer to PIG. 190. To 17-methylenandrost-4 -en-3-one 
(1, 2.0000 g, 7.0314 mmol) in 2 , 2 -dimethoxypropane (9.4 ml, 
76 mmol) and DMF (9.4 ml) were added 0.37 ml of anh. 
methanol and 47.0 mg of p-toluenesulfonic acid. After 
refluxing 4 h the reaction mixture was allowed to cool and 
then partitioned between 140 ml of hexanes and 90 ml of 
watei-. The organic phase was washed with two 90 ml portions 
of water + 90 ml of brine, dried over magnesium sulfate, and 
flash filtered through a 30 mm dia. x 37 mm high column of 
silica gel (200-400 mesh) . Product continued eluting with 
200 ml of hexanes. Concentration of the combined filtrates 
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under reduced pressure and recrystallization of the residue 
from acetone/methanol gave very slightly yellow platelets 
(1.5291 g, 5.1231 mmol , 73%), m.p. 97-99°C, homogeneous to 
TLC (25% ethyl acetate/hexanes on silica gel, 0.72). 

5 Example 114 - 17-Methvlenandrost-4-en-6fl-ol-3 *one . 

Refer to FIG. 190. To a stirred solution of 17- 
methylenandrosta-3, 5-dien-3-yl methyl ether (ifi, 500.1 mg, 
1,676 mmol) in DME (10 ml) was added MCPBA (318.6 mg, 1.846 
mmol) in DME (10 ml) and water (4 ml) over a period of 15 

10 min. After stirring 3 0 min. the mixture was poured into 50 
ml of saturated sodium bicarbonate and extracted with three 
50 ml portions of ether. The combined organic extracts were 
washed with 50 g of 5% (w/w) sodium thiosulfate pentahydrate 
+ three 50 ml portions of brine, dried over magnesium 

15 sulfate, and filtered through diatomaceous earth. The 
residue was washed with 25 ml of ether and the combined 
filtrates were concentrated under reduced pressure. Flash 
chromatography (45% ethyl acetate/hexanes on silica gel) 
followed by recrystallization from aqueous ethanol gave 

20 slightly yellow crystals (187.1 mg, 0.6228 mmol, 37%), m.p. 
192-194^C, which TLC (35% ethyl acetate/hexanes on silica 
gel) showed consisted of major (R, 0.17) and minor (R^ 0,13) 
components . 

Example 115 - 17 -Methvle nandrosta-1 . 4 - dien-3 -one . 

25 Refer to FIG. 190. A solution of 17- 

methylenandrost-4-en-3-one iS^, 1.0001 g, 3.5160 mmol) and 
2, 3-dichloro-5, 6-dicyano-l,4-benzoquinone (DDQ, 2.43 g, 10.7 
mmol) in dioxane (60 ml, freshly distilled after overnight 
reflux over sodium) was refluxed 6 h and then cooled with 

30 swirling in tap water. Methyl t-butyl ether (MTBE, 50 ml) 
was added and the suspension was filtered through 
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diatomaceous earth. The residue was washed with two 50 ml 
portions of MTBE and the combined filtrates were 
concentrated under reduced pressure. Flash chromatography 
of the residue (20% ethyl acetate/ hexanes on silica gel) 
5 followed by recrystallization from 95% ethanol gave 
off-white crystals (498.9 mg, 1.767 mmol, 50%), m.p. 
155-1570C. 

Example 116 - 17-Methvlenandrosta-l . 3 , 5-trien-3>vl benzoate . 
Refer to FIG. 190. Reaction was carried out in a 
10 procedure adapted from R. W, Draper et al . , Axzneim. -Forsch. 
1982, 32, 317-322, as follows: 

17-Methylenandrosta-l,4-dieri-3-one (12/ 389.0 mg, 1,378 
mmol), anh. pyridine (4.7 ml, 58 mmol), and benzoyl chloride 
(1.2 ml, 10 mmol) under argon were stirred 18 h in an oil 

15 bath (68-73**C) . After cooling in ice the reaction mixture 
was poured into 40 ml of ice-1 N MCI and extracted with 
three 20 ml portions of methylene chloride. The combined 
organic extracts were washed with 40 ml of cold 1 N HCl ^ 40 
ml of saturated sodium bicarbonate 40 ml of brine, dried 

20 over magnesium sulfate, and filtered through diatomaceous 
earth. The residue was washed with 10 ml of methylene 
chloride and the combined filtrates were concentrated under 
reduced pressure. Flash chromatography (4% ethyl 
acetate /hexanes on silica gel) gave a yellow solid (0.43 g, 

25 1.1 mmol, 81%) . 

Example 117 - 17-MethvlenandrQflta-l . 4-dien-6fl-QlO -on^ . 

Refer to FIG. 190. Reaction was carried out in a 
procedure adapted from R. W, Draper et al., Arznoim. -Forsch. 
1982, 32, 317-322, as follows: MCPBA (211.4 mg, 1.225 mmol) 
30 in DM£ (6.6 ml) and 30 water (2.7 ml) was added to 

17-methylenandrosta-l, 3, 5-trien-3-yl benzoate (H, 0.43 g, 
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1.1 mmol) in 6.6 ml of DME over a period 20 min. with 
stirring. Stirring was continued 30 min. and the reaction 
mixture was then poured into 35 ml of saturated sodium 
bicarbonate. The mixture was extracted with three 3 5 ml 
5 portions of ethyl acetate. The combined organic extracts 
were washed with 35 g of 5% sodium s thiosulfate 
pentahydrate + three 3 5 ml portions of brine, dried over 
magnesium sulfate, and filtered through diatomaceous earth. 
The residue was washed with 10 ml of ethyl acetate and the 
10 combined filtrates were concentrated under reduced pressure. 
Preparative TLC (silica gel GF, 1000 fi, 50% ethyl 
acetate/hexanes as eluent) gave a yellow crystalline solid 
(83.7 mg, 0.280 mmol, 25%) homogeneous to TLC (50% ethyl 
acetate/hexanes on silica gel, Rf 0.50) . 

15 Example 118 - Androsta-1 . 4 , 16-trien-6g-ol'3-one. 

Refer to FIG. 190 . Androsta-1, 4 , 16-trien-3 -one (15. 
500.0 mg, 1.863 mmol), anh. pyridine (6.4 ml, 79 mmol), and 
benzoyl chloride (1.6 ml, 14 mmol) under argon were placed 
in an oil bath (70-73*C) and stirred 18 h. After cooling in 

20 ice the mixture was poured into 50 ml of ice-1 N HCl and 
extracted with three 25 ml portions of methylene chloride. 
The combined organic extracts were washed with 50 ml of cold 
1 N HCl + 50 ml of saturated sodium bicarbonate + 50 ml of 
brine, dried over magnesium sulfate, and filtered through 

25 diatomaceous earth. The residue was washed with 10 ml of 
methylene chloride and the combined filtrates were 
concentrated under reduced pressure. Flash chromatography 
(2% ethyl acetate/hexanes on silica gel) gave yellow 
crystals (0.47 g, 1.3 mmol, 68%) of intermediate benzoate. 

30 This was taken up in chloroform (30 ml) with MCPBA (240.0 
mg, 1.391 mmol) . After stirring 1 h further MCPBA (239.5 
mg, 1.388 mmol) was added and the reaction was stirred 
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another hour. The mixture was then washed with 30 g of 5% 
(w/w) sodium chiosulfate pentahydrate ^ 30 ml of saturated 
sodi um bicarbonate + 30 ml of brine # dried over magnesium 
sulfate, and filtered through diatomaceous earth. The 
5 residue was washed with 10 ml of chloroform and the combined 
filtrates were concentrated under reduced pressure. Flash 
chromatography (40-45% ethyl acetate/hexanes on silica gel) 
gave a yellow resin (106.1 mg, 0.3731 mmol, 29V), which TLC 
(40* ethyl acetate/hexanes on silica gel) showed contained 
10 major (R^ 0.34) and minor (R, 0.40) components. 

Example 119 - Andro5ta-4. 16-dien*€fl*ol'3-one . 

To a solution of androsta-3 , 5, 16-trien-3-yl methyl 
ether, 12 (200,5 mg, 0.7049 mmol), in 5 ml of 1,2- 
dimethoxyethane (DME) and 1 ml of water was added m- 

15 chloroperbenzoic acid (MCPBA, 77.4%, 173.2 mg, 0.776 mmol) 
suspended in 5 ml of DME + 1 ml of water + O.40 g of 5% 
(w/w) NaOH dropwise, with stirring, over a period of 90 min. 
After stirring 18 h further MCPBA (247.0 mg, l.li mmol) 
suspended in 10 ml of DME + 2 ml of water + 0.8 g of 5% 

20 (w/w) NaOH was added dropwise, with stirring, over 1 1/2 h. 
The reaction mixture was stirred 1/2 h and then poured into 
25 ml of saturated sodium bicarbonate. The aqueous mixture 
was extracted three times with 25 ml of ether and the 
combined organic extracts were washed with 50 g of 5% (w/w) 

25 sodium thiosulfate + three 50 ml portions of brine, dried 
over magnesium sulfate, filtered through Celite, and 
concentrated under reduced pressure. The resulting 
crystalline residue was purified by preparative TLC (35% 
ethyl acetate/hexane on silica gel) followed by two- fold 

30 recrystallization from aqueous ethanol to give lustrous 
white platelets (102.3 mg, 0.3571 mmol, 51%), m.p, 
165-166»C. 
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Example 120 - 20-Homoandrosta-4. IT-dienO-one. 

Refer to FIG. 191. To a partial solution of 20- 
homoandrosta-5 , 17-dien-3-ol {1.0001 g, 3.4911 mmol) in 100 
ml of toluene and 20 ml (0.19 mol) of cyclohexanone was 
added aluminum isopropoxide (2,00 9.79 mmol) in 20 ml of 
warm toluene. After refluxing 4 h the cooled reaction 
mixture was shaken 1 min. with 5 ml of water and 12.5 ml of 
3.6N sulfuric acid. The organic layer was washed with 50 ml 
of brine, dried over magnesium sulfate, filtered through 
Celite, and concentrated under reduced pressure. Following 
steam distillation to remove cyclohexanone the non-volatile 
residue was taken up in two 10 ml aliquots of 
dichloromethane, dried over magnesium sulfate, filtered, and 
concentrated. The oily residue was purified by flash 
Chromatography (15% ethyl acetatelhexane on silica gel) and 
recrystalli2ation from aqueous acetone to give colorless 
needles (238.8 mg, 0.8400 mmol, 24%), m.p, 130-134<»C [lit. 
(B. S. Macdonald et al., Steroids 1971, 18, 753-766) m.p. 
129-111*C1 . 

Example 121 - 20-HQmQandrQSta-4 . 17-dien'3'C>la . 

Refer to FIG. 191. To 20-homoandrosta-4 , 17-dien-3 - 
one (119.0 mg, 0.4184 mmol) in 5 ml of methanol were added 
sodium borohydride (6.0 mg, 0.16 mmol) and 77 ml of water. 
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After stirring 2 h further sodium borohydride (32.0 mg, 
0.846 mmol) was added and the mixture was stirred overnight. 
After concentrating under reduced pressure the residue was 
purified by preparative TLC (5% ethyl acetate/hexane on 
silica gel) to give a more polar {59.8 mg) and a less polar 
{1.7 mg) product. 

Example 122 - 2Q-Homoandro3ta-4 . l7-dien^ -3 . g-di^^^ 
Refer to FIG. 191. To a cooled solution of 
20-homoandrosta-5, 17-dien-3-ol (399.4 mg, 1.394 mmol) in 50 
ml of acetone was added 2.67M Jones reagent (2.0 ml, 5.3 
mmol) . After stirring 1 h the reaction was quenched with 
isopropanol (1.0 ml, 13 mmol) and poured into 100 ml of 
water. The mixture was extracted three times with 50 ml 
portions of ethyl acetate and the combined organic extracts 
were washed with 50 ml of saturated sodium bicarbonate + 50 
ml of brine. The organic phase was then dried over 
magnesium sulfate, filtered, and concentrated under reduced 
pressure. The residue was recrystallized from 95* ethanol 
to give an almost white powder (177.8 mg, 0.5958 mmol, 43%), 
m.p. 113-115«C. 

EX^TOlg 123 - 6fl.l9-EPQXV-17-iodQandro s ta^4.l6^fji^n^.7- 
ethvlen^ K^tfll 

Refer to FIG, 192. A mixture of crude 
6^, 19-epoxy-5j9-chloro-17-iodoandrost-16-ene (17, 1.38 g, 
3.09 mmol) (G. Habermehl and A. Haaf, Z. Naturforsch. 1970, 
25b, 191-195), ethylene glycol (0,97 g, 16 mmol), toluene 
(50 ml), and ptoluenesulf onic acid monohydrate (20.3 mg, 
0.107 mmol) was refluxed 19 h with azeotropic removal of 
water (Deen-Stark) . After cooling ethyl acetate (100 ml) 
was added and the reaction mixture was washed with 100 ml of 
saturated sodium bicarbonate + 100 ml of brine. The organic 
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phase was dried over magnesium sulfate and filtered through 
diatomaceous earth. The residue was washed with 25 ml of 
ethyl acetate and the combined filtrates were concentrated 
under reduced pressure to give a tan, crystalline solid 
5 (1.47 g) . This residue was suspended in anh. methanol (40 
ml), potassium acetate (2.44 g, 24.9 mmol) was added, and 
ca. 2 6 ml of methanol were distilled off. The remainder was 
concentrated under reduced pressure, water (50 ml) was 
added, and the mixture was extracted three times with 2 5 ml 

10 aliquots of methylene chloride. The dried (sodium sulfate) 
extracts were filtered through diatomaceous earth and the 
residue was washed with 10 ml of methylene chloride. 
Concentration of the combined filtrates under reduced 
pressure gave a yellow solid, which was purified further by 

15 flash chromatography (5-7.5-10% ethyl acetate/methylene 

chloride on silica gel) and recrystallization from methanol 
to give light yellow needles (914.6 mg, 2.013 mmol, 65%), 
m.p. 187-189*'C. ^H-NMR: 6.13 d, IH, dd, 16-H; 5.82 d, IH, s, 
4-H; 4.71 a, IH, d, 6a-H; 4.22 d and 3.53 3, 2H, AB, 19-H's; 

20 4.10-3.28 a, 4M, mult., 3-ketal H's; 0.83 3, 3H, s, 18-Me. 

Examnle 124 - Andro3ta-4 , 16-dien-I9"QX'3"Qr>^. 

Refer to FIG. 192. Anh. ammonia (ca. 75 ml) was 
distilled through a KOH tower into a 250 ml flamedried 
3 -neck flask fitted with an inlet adapter, a magnetic 

25 stirring bar, a dry ice/acetone condenser, 35 and a stoDPer. 
A solution of 6)3,19-epoxy-17-iodoandrosta-4, 16-diene 
3 -ethylene ketal (14. 8B0.4 mg, 1,938 mmol) in dry 
tetrahydrofuran (THF, 45 ml) was added, followed by metallic 
sodium (0.20 g, 8.7 mg-atomj cut in small pieces. After 

30 stirring under argon pressure for 30 min. the reaction was 
quenched with the addition of abs. ethanol (1.0 ml) . 
Ammonia was allowed to boil off overnight, 50 ml of water 
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were added, and the mixture was extracted with three 25 ml 
portions of methylene chloride. The combined organic 
extracts were washed with 50 ml of brine, dried over 
magnesium sulfate, and filtered through diatomaceous earth. 
5 After washing the residue with 10 ml of methylene chloride 
the combined filtrates were concentrated under reduced 
pressure. The intermediate ketal proved remarkably 
unreactive, but was finally hydrolyzed by refluxing 18 h in 
5 ml of chloroform and 2.5 ml of 4 N hydrochloric acid. To 

10 the cooled hydrolysis mixture ethyl acetate (50 ml) was 

added and the layers were separated. The organic phase was 
washed with 2 5 ml of saturated sodium bicarbonate + 25 ml of 
brine, dried over magnesium sulfate, and filtered through 
diatomaceous earth. The residue was washed with 10 ml of 

15 ethyl acetate and the combined filtrates were concentrated 
under reduced pressure. The resulting brown foam was 
purified by flash chromatography (50% ethyl acetate/hexanes 
on silica gel) followed by preparative TLC (50% ethyl 
acetate/hexanes on silica gel GF, 1000^ thickness) to give a 

20 partially crystalline film (66.7 mg, 0.233 mmol, 12%). 

'H-NMR: 5.92 d, IH, s, 4-H; 5,87-5.64 d, 2H, mult,, 16,17- 
H's; 4.10a and 3.94 3, 2K, AB, 19-H'S; 0.79 3, 3H, s, 18-Me. 

Example 125 - Andro3t-S-en-3a. 19-diol-17- (p- 

ggJiU^nggulf onvl ) hYdraz<?ng > 

25 Refer to FIG, 193. A suspension of 

androst-5-en-3/5, 19-diol-l7-one (1, commercially available 
from Research Plus, 512.5 mg, 5 1.684 mmol) and 
p-toluehesulfonylhydrazide (p-TsNHNHj, 392.1 mg, 2.105 mmol) 
in 2-propanol (6.0 ml) was refluxed 24 h. To the cool 

30 reaction mixture were added 20 ml of ether and the solvent 
was removed under reduced pressure. The residue was taken 
up in 10 ml of ether and the solution was filtered through 
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diacomaceous earth. 10 ml of hexanes were added to the 
filtrate and the suspension was concentrated under reduced 
pressure. Residue was taken up in 10 ml of hot benzene and 
the cooled suspension was filtered. The filtrate was 
5 concentrated under reduced pressure and then flash 

chromatographed (40% ethyl acetate/hexanes on silica gel) to 
give an opaque resin (0.69 g, 1.5 mmol, 87%). 
Example 126 - Androsta>5 . 16-dien*3fl. 19-diQl . 
Refer to FIG. 193. A solution of 

10 androst-5-en-3iS, 19-diol-17- (p-toluenesulf onyl ) hydrazone (2, 
0.69 g, 1.5 mmol) in anh. tetrahydrofuran (THF, 35 ml) was 
cooled in an ice/acetone bath under argon and n-butyllithium 
(2,5 in hexanes, 3.7 ml, 9.3 mmol) was added dropwise, with 
stirring, over the period of 1 min. The reaction mixture 

15 was stirred 4 days, during which time it was allowed to 

gradually warm to room temperature. The reaction was then 
poured into 50 ml of ice-saturated ammonium chloride and the 
layers were separated. The aqueous layer was extracted 
twice with 25 ml portion of ethyl acetate. The combined 

20 organic phases were washed with 25 ml of saturated sodium 
bicarbonate ^ 25 ml of brine, dried over magnesium sulfate, 
and filtered through diatomaceous earth. The residue was 
washed with 10 ml of ethyl acetate and the combined 
filtrates were concentrated \inder reduced pressure. The 

25 residual yellow resin was flash chromatographed (50-55-60% 
ethyl acetate/hexanes on silica gel) and crystallized from 
methyl t-butyl ether/benzene to give fluffy white crystals 
(92.5 mg, 0.361 mmol, 24%), m.p, 169-171«C. 
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Example 127 - El^ctrophvsloloav of Androstane Stimulation of 

A non- invasive method has been employed to record 
local electrical potentials from the human vomeronasal organ 
(VNO) and from the olfactory epithelium (OE) . Localized 
gaseous scimulat ion was applied to bot^h nasal structures at 
different instances using specially designed 
catheter/electrodes connected to a multichannel drug 
delivery system. This electrode and delivery system has 
been described by Monti and Grosser ( J. Steroid Biochem. and 
Molec. Biol. (1991) 39:573) and in commonly owned, copending 
USSN 07/771,414, incorporated herein by reference. The local 
response of the VNO and the OE showed a correlation with the 
concentration of the ligand stimulus. 

The study was performed on ten clinically normal 
(screened) volunteers - 2 males and 8 females, ranging in 
age from 18 to 85 years. The studies were conducted without 
general or local anesthetics. 

The catheter/electrodes were designed to deliver a 
localized stimulus and simultaneously record the response. 
In the case of VNO recording, the right nasal fossa of the 
subject was explored using a nasoscope (nasal specula) and 
the vomeronasal opening was localized close to the 
intersection of the anterior edge of the vomer and the nasal 
floor. The catheter/electrode was gently driven through the 
VNO-opening and the electrode tip placed in the organ's 
lumen at 1 to 3 mm from the opening. The nasoscope was then 
removed. In the case of the OE, recording the procedure was 
similar except the positioning of the catheter/electrode was 
gently placed deep in the lateral part of the medial nasal 
duct, reaching the olfactory mucosa. 

Localized gaseous stimulation was done through the 
catheter/electrode. A constant stream of clean, nonodorous, 
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humidified air at room temperature was continuously passed 
through a channel of the stimulating system. The 
stimulating ligand substances were diluted in propylene 
glycol, mixed with the humidified air, and puffed for from l 
5 to 2 seconds through the catheter/electrode. It is 

estimated that this administration provides about pg of the 
steroid- ligand to the nasal cavity. The results of this 
study are presented in Figures 180A, 180B and 180C. The 
response is measured in millivolt -seconds (mV x s) . 

10 Androsta-4 , 16-dien-3-one elicits a significantly stronger 
VNO response in females than do the other compounds tested 
(Fig. 180A) . Furthermore, the VNO response to 
Androsta-4, 16-dien-3-one is sexually dimorphic - twice as 
strong in females as it is in males (Fig. 180B) . In 

15 contrast, the OE response in both males and females is low 
compared to a strong odorant such as clove (Fig- 180C) . 

Example 128 ■ Measurement of the Chance in Receptor 
Potential of the Neuroepithelium of the VNO in Response to 
Varj.ous St^ygjc^g. 

20 The change in receptor potential in response to five 

different ligands was measured in 40 female (FIG. 181A) and 
40 male (FIG, 181B) subjects. Each subject was administered 
60 pg of each of seven substances as indicated in the 
figure. The substances were administered separately for 1 

25 second. The change in potential of the neuroepithelium of 
the VNO was recorded over time and the integral of the 
change in potential for each of the forty subjects was 
averaged. The results are shown in the figure. Comparison 
of Figures 181A and 181B show that each steroid is sexually 

30 dimorphic in its activity, and that some ligand substances 
are stronger in males while others are stronger in females. 
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Example 12 9 - N^ea^urement of Autonomic Respo nses tia 16- 
Aqdrostene Stimulation of the VNO. 

Various autonomic parameters were monitored as 
Androsta-4, 16-dien-3-one was administered to 40 female 
subjects using the procedure described in Example 10. 
Propylene glycol was also administered as a control. The 
ligand was administered as a l second pulse. The change in 
autonomic function was first noted within 2 seconds and 
lasted for up to 45 seconds. As shown in FIG. 182, when 
compared to a propylene glycol control, the Androstane 
induced a significant change in the integrated receptor 
potential in the VNO {182A) , galvanic skin response (182B) , 
skin temperature {182C), the percentage of cortical alpha 
wave activity as measured by electroencephalogram (182D), 
peripheral arterial pulse {182E), and respiratory frequency 
{182F). 

Example 130 - Comparison of the Change in Receptor Potential 
Ind^c^d by TwQ An^gQ^tyin^ gt^ero^t^g. 

60 picograms of each ligand steroid and of a 
20 propylene glycol control were administered to 5 female 

subjects. As shown in FIG. 183, Androsta-4 , 16-dien-3^-ol 
induced a greater change in receptor potential than did 
Andros t a - 4 , 1 6 - di en - 3 - one - 

Example 131 - PsvchQPhvsioloaical Effect of Androstane 

25 ?tinwlatign Qt thg VWQ- 

The psychophysiological effect of Androstane 
stimulation of the VNO was measured by the coordinate 
administration of pheromone and questionnaire evaluation of 
the subject before and after administration. The 
30 questionnaire included a panel of adjectives used as part of 
the standard Derogatis Sexual Inventory evaluation. 
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The subjects were 4 0 women between the ages of 20 
and 45, all in good health. The women were randomly 
assigned - 2 0 exposed to placebo and 2 0 exposed to about 20 
picograms of Androsta-4, 16-dien-3-one. Subjects were given 
5 a 70 item questionnaire evaluating feeling states 

immediately before and 30 minutes after administration of 
either placebo or experimental substance. The 70 adjectives 
of the questionnaire were randomly administered and 
subsequently clustered for evaluation based on their 

10 relevance to each mood, feeling, or character trait. The 
results were as follows: Changes in feelings of social 
warmth, personal well-being, arousal/excitement, and 
aggression, from before administration to 30 minutes after 
administration, were not significant in those exposed to the 

15 16-Androstene compared to the changes resulting from 

administration of the control. However, the decrease in 
negative affect (nervous, tense, ashamed, anxious, 
irritable, angry, enraged - T-test: p<0.0001, Anova: 
p<0.04) , negative mood and character (sensitive, regretful, 

20 blameworthy, guilty, remorseful, sad, hopeless, resentful, 
worthless, miserable, unhappy, bitter, timid - T-test: 
p< 0.0004, Anova: p<0.06), and overall negativity (the 
combination of affect and character - T-test: p<0.0003, 
Anova: p<0.05) were highly significant after 16-Androstene 

25 administration as compared to administration of the control. 

Overall, these results suggest a sedative and/or 
ant i -anxiety, and/or ant i -depressant effect of Androsta-4 , 
16-dien-3-one when administered intranasally. 

Example 132 - Treatment of Women for Premenstrual Stress, 
30 Women experiencing the symptoms of premenstrual 

stress (PMS) are provided with a pharmaceutical preparation 
of an Androstane steroid (preferably 
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Androsta-4, 16-dien-3-one, or Androsta-4, 16-dien-3a (^) -ol) 
suitable for nasal administration. The steroid is provided 
as an ointment at a concentration of about 1 microgram/ml 
and about 0.1 ml is applied. The ointment is applied just 
5 inside the nare of each nostril, three times daily. A 

similar method of treating PMS uses an aerosol preparation 
of the same steroid- The aerosol is sprayed into each 
nostril threes times daily. 

Example 13 3 ■ Electrophysiological Studies. 

10 The following electrophysiological studies were 

performed in 60 clinically normal human volunteers of both 
sexes (30 male and 3 0 female) whose ages ranged from 20 to 
45 years. No anesthetics were used, and female subjects 
were excluded if pregnant. 

15 The stimulation and recording system consists of a 

"multifunctional miniprobe" described elsewhere 
(Monti-Bloch, L. and Grosner, B.l. (1991) "Effect of 
putative pheromones on the electrical activity of the human 
vomeronasal organ and olfactory 35 epithelium," J, Steroi<^ 

20 Biochem. Molec , Biol. 22:573-582.) . The recording electrode 
is a 0.3 mm silver ball attached to a small (0.1 mm) silver 
wire insulated with Teflon^ the surface of the electrode is 
first treated to produce a silver chloride interface, and is 
then covered with gelatin. It is positioned within a small 

25 caliber Teflon® catheter (dia = S mm) such that the tip of 
the electrode protrudes approximately 2 mm. The Teflon® 
catheter is 10 cm in length and constitutes the terminal 
extension for a multichannel delivery system which delivers 
a continuous air stream carrying discreet pulses of 

30 chemosensory stimuli. The air stream first passes into a 
small chamber and is bubbled through a solution containing 
either a vomeropherin or an olfactant in a diluent or the 
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diluent alone. A solenoid is used to rapidly redirect the 
air stream from the chamber to a route which bypasses the 
chamber. This creates a discreet pulse of stimulant in the 
air scream. A second, outer Teflon*^ tube with a diameter of 
5 2 mm surrounds the catheter-electrode assemblage, and its 
central end is connected to an aspirator that provides 
continuous suction of 3ml/s, This concentric arrangement of 
the outer suction tube allows the emitted chemosensory 
stimuli to be localized to an area we call a "minifield" 

10 (approx. dia - 1 mm), and it avoids diffusion of substances 
either to the area outside the intended stimulation site or 
into the respiratory system. The entire stimulating and 
recording assemblage may be positioned either on the 
neurosensory epithelium within the VNO, or on the surface of 

15 the olfactory or respiratory epithelium. 

Electro-v omeronasoaram (EVG) : Recordings are carried out in 
a quiet room with the subject supine; the multi-functional 
miniprobe initially stabilized within the nasal cavity using 
a nasal retractor placed in the vestibule. Reference and 

20 ground electrodes consist of silver discs (8 mm), both of 
which are positioned on the glabella. 

The entrance to the VNO, or vomeronasal pit, is 
identified by first dilating the nasal aperture and 
vestibule. A 6x magnifying binocular loupe with halogen 

25 illumination is then used to introduce the tip of the 

Tef Ion* catheter and recording electrode assemblage into the 
VNO opening where it is stabilized at an approximate depth 
of 1 mm within the vomeronasal passage. Optimal placement 
of the recording electrode is signaled after testing for an 

3 0 adequate depolarization in response to a test substauice. 

Electrical signals from the recording electrode are 
fed to a DC amplifier after which they are digitized, 
computer monitored, and stored. The peak-to-peak amplitude 
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of the signals is measured, and the area under the 
depolarization wave is integrated, while continuously 
monitoring the signal both on the computer screen and on a 
digital oscilloscope. Artifacts produced by respiratory 
5 movements are deleted by training the subjects to practice 
mouth breathing with velopharyngeal closure. 
Cher[iQ5^n?Q}ry g^j,mu3,?nt? : Olfactory test substances are 
cineole, and 1-carvone; vomeropherins are A, B, C, D, E and 
F, in FIGS. 180-184. Samples of vomeropherins in 

10 concentration of 25-800 fmoles are delivered in the 

continuous air stream for durations from 300 milliseconds to 
1 second. Usually, intervals of 3 to 5 minutes separated 
each series of short test pulses. All components of the 
lines carrying the test stimuli are made of Teflon*, glass 

15 or stainless steel and are carefully cleaned and sterilized 
before each use. 

Electro-olfactoram iEOG) i Olfactory recordings employed the 
same stimulating and recording multifunctional miniprobe as 
that used for the VNO. The tip was slowly introduced until 

20 the recording electrode touched the olfactory mucosa. 
Adequate placement was signaled by a depolarization in 
response to a pulse of the odorant test substance. 

Cortical evoked activity was induced by VNO 
stimulation with vomeropherins, and olfactory stimulation 

25 with odorants delivered in 300 ms air pulses. It was 
recorded using stamdard elect roencephalographic (EEG) 
electrodes placed at positions Cz-Al and Tz-Al of jthe 
international 10120 system; the ground electrode was placed 
on the mastoid process. Electrodermal activity (EDA) was 

30 recorded using standard 8 mm silver electrodes in contact 
with palmar skin of the medial and ring fingers 
respectively, through a conductive gel interface. Skin 
temperature (ST) was recorded by a small (1.0 mm) thermistor 
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probe placed in the right ear lobe. Peripheral arterial 
pulse (PAP) was monitored with a pie thy sinograph attached to 
the tip of the index finger. Respiratory frequency (RF) was 
measured with an adjustable strain gauge placed around the 
5 lower thorax. All electrical signals were DC amplified, 
digitized {MP- 100, Biopac Systems) and continuously 
monitored utilizing a computer. 

Stat4?^4ca; AT}f^],y?jLg: EVGs or EOGS, peak-to-peak changes 
and frequency changes of other parameters were measured and 
10 statistically analyzed. The significance of the results was 
determined by either using paired t -tests or analysis of 
variance (ANOVA) . 

Effect of VomeroDherins on the EVG: Each of the 
vomeropherins was found to produce a sexually dimorphic 

15 receptor potential (FIGS. 184A and 184B) . Recordings of the 
EVG were performed on 30 men and 3 0 women (ages 20 to 4 5) . 
Vomeropherins were diluted and applied as 1 second pulses to 
the VNO with b minute intervals between pulses when 
questioned, the subjects were not able to "smell" or 

20 otherwise consciously detect any of the vomeropherins. This 
finding is in agreement with results previously reported 
(Monti-Bloch, L. and Grosser, B.l. (1991) "Effect of 
putative pheromones on the electrical activity of the human 
vomeronasal organ and olfactory 5 epithelium, " J. Steroid 

25 Biochem. Molec. Biol. 39:573-582) which indicated that 

neither olfactory nor vomeropherin test stimuli delivered to 
the VNO elicit a perceptible sensation at the delivered 
concentration. 

PIG. 184A shows the average response of male 

30 subjects (ages 20 to 38) to the diluent, and to equimolar 
quantities (100 fmoles) of five vomeropherins (A, B, C, D 
and F) , and to E, a stereoisomer of F. The profile of the 
response to each of the substances was similar in all 
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subjects regardless of age, and no significant differences 
were revealed either by t- tests or by analysis of variance. 
For example, A, C and D produced significant effects (M^j = 
11.4 mV, SD = 3.6 mV; M^e « 6.4 mV, SD 2 . 5 mV, and = 15.1 
5 mV, SD * 4.9mV; p<0.01), that were consistent in all 

individual cases. Other vomeropherins depolarized the VNO- 
receptors to a much lesser extent, but with consistent mean 
response amplitudes from individual to individual. 
Vomeropherins active in male subjects produced larger 

10 responses than the diluent (p<0.00l). B, F and similar 

concentrations of olfactants induced significantly reduced 
responses in the male VNO (FIG. 184A and FIG. 185) . 

A similar experimental protocol was followed with 
the 30 female subjects (ages 20 - 45) . Among the 

15 vomeropherins, F (100 f moles) produced the most significant 
differences within the group (FIG. 184B) . Here, A induced a 
small effect that was significantly different from F 
(p<0,01) , In both populations of subjects, active 
vomeropherins induced receptor responses having large 

20 standard deviations (FIG. 184) . When the frequency 

distribution of the effects of A and F was studied in males 
and females respectively, we found a bimodal distribution. 
The significance of this observation is being studied at 5 
this point. 

25 E, a stereoisomer of F, does not stimulate the VNO 

in female subjects while F does (Pig. 184B) • This is a 
demonstration of the specificity of VNO recognition of 
vomeropherins. In this regard it is interesting to note 
that while F is a superior vomeropherin, E generates a 

30 stronger olfactory effect than does F (FIG. 184B and FIG. 
185) . 

Effects of Vomeropherins on the EOGr The summated receptor 
potential from the olfactory epithelium (OE) was recorded in 
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20 subjects:. 10 males and 10 females. In ccntrasc to the 
sensitivity of the VNO to vomeropherins, the OE is less 
sensitive to these substances. This is true for both males 
and females !FIG. 135A) . The mean receptor potential 
5 amplitude ranged from 2 . 3 mV to 0 . 78 mV, In this study, B 
was the only vomeropherin having significant effect in the 
OE (p<0.02). Of the subjects questioned about odorant 
sensations following each stimulus presentation, 16 reported 
no olfactory sensation, while three males and one female 
10 described B as an unpleasant odor. This finding reveals 
that at the concentrations used in our study, most 
vomeropherins are not effective stimulants of the olfactory 
receptors, but do have a clear effect on vomeronasal 
receptors . 

15 Effects of Olfactants on the EVG and EQG: In contract to 
vomeropherins, the olfactants 1-carvone and cineole produce 
only a minor local response in the VNO (FIG. 185B) . This 
was true for both men and women. As expected, these 
olfactants produced a strong response in both men and women 

20 (p<0.01) when locally applied to the OE (FIG. 185A) . The 
diluent depolarized olfactory receptors to a lesser extent 
than cineole or 1-carvone (p<0.01) , and it did not produce 
an olfactory sensation. 

Reflex Effects of Vomeropherina : Studies were s conducted 
25 to determine the central nervous system (CNS) reflex 
responses to vomeropherin stimulation of the VNO. The 
sexually dimorphic local responses induced by vomeropherins 
(FIG, 184A and FIG. 1843) were mirrored in the autonomic 
response of male & female subjects. In male subjects (FIG. 
30 184C) , A and C decreased skin resistamce ( elect rodermal 

activity » EDA) {p<0.01, n - 30). In female subjects. (FIG. 
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184B) , F and B produced greater decrease in EDA than A or C 
(p<O.Ol, n = 30) . 

Vomeropherins A and C induced a significant increase 
in skin temperature (ST) (FIG. 184G) in 30 male subjects 
5 (pcO.Ol); however D induced significant temperature decrease 
(p<O.Ol) . In 30 female subjects (FIG. 184H) B and F evoked 
a significant increase in skin temperature (ST) (p<0.Ol) 
compared to A and C. In female subjects vomeropherins 
produced changes in EDA and ST with a greater standard 

10 deviation than in males. 

Cortical activity was recorded from Cz and Tz in 
male and female subjects during application to the VNO of 
air pulses (300 ms to 1 sec) containing 200 f moles of 
vomeropherin (FIG. 184G and 184H) . In males (FIG. 184E) A, 

15 C and D significantly increased alpha cortical activity with, 
a latency of 270-380 ms. D and A evoked the strongest effect 
(p<0.01). Synchronization of the EEG was sustained for 1.5 
to 2.7 minutes after application of a single pulse of active 
substance. In females (FIG. 184F) , a single pulse (200 

20 f moles) of B or F applied to the VNO increased alpha 

cortical independent of the response of olfactory receptors. 
We found characteristic specificities in the response of the 
human VNO and the olfactory epithelium which suggests that 
they are independent functional systems with separate 

25 connections to the CNS (Brookover, C. (1914) . The nervus 
terminalia in adult man. J, Comp. Neurol* 24:131-133,) 
There is also preliminary evidence that the EVG is not 
associated with trigeminal nociceptor endings since 
application of a local anesthetic (2% lidocaine) to the 

30 respiratory epithelium of the nasal septum neither blocks 
nor diminishes the EVG (Monti-Bloch, L. and Grosser, B.l 
(1991) "Effect of putative pheromones on the electrical 
activity of the human vomeronasal organ and olfactory 
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epithelium," J. Steroid Biochem. Molec . Biol. 39:573-582.), 
also, subjects failed to report sensations of pain as a 
consequence of any of the stimulation procedures. 
Additional tests we conducted using 
5 androsta-5 , 16 -diene-3^, 19 -diol and four other androstanes, 
identified by their positions on the chart. The results are 
shown in FIGS. 193 through 200, The EEG, RF and EKG 
response for androsta-5 , 16"diene-3^, 19-diol is stronger in 
females compared to males, while the ST, GSR and EVG 

10 response is stronger in males. Some females to whom were 
administered the compound reported feelings of happiness, 
which is unusual in that such reports are normally 
accompanied by much higher RF and GSR data than shown in 
FIGS. 194B and 194C. 

15 VNO receptors are clearly more sensitive to 

vomeropherins than to any of the olfactants tested; the 
opposite is true for olfactory receptors. While the OE may 
have receptor sites for some vomeropherins, the response 
specificity of the VNO is clearly different. 

20 Sexual differences were noted in the specificities 

and effects of two groups of vomeropherins, A, C and D; and 
B and F. This suggests a possible receptor-related sexual 
dimorphism. The findings suggest the activation of 
components of the autonomic nervous system in the adult 

25 human by vomeropherin stimulation of the VNO. 

Furthermore, the results suggest that stimulation of 
the VNO with vomeropherins produces synchronization of the 
EEG (FIG. 184G and 184H) . Thus, the evidence herein 
indicates that the vomeronasal system responds to a variety 

3 0 of chemosensory stimuli, and that some are able to induce 
reflex autonomic activity. 
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Elx^mp].? 134 - ElftctroDhvsiQ l oaical Si:udies 

The electrophysiological studies were performed as 
described in Example 13 3 in clinically normal human 
volunteers of both sexes whose ages ranged from 20 to 45 
years. No anesthetics were used, and female subjects were 
excluded if pregnant. 

Electro-vomeronasoaram (EVCS) The integrated EVG is 
shown in FIGS. 1 and 2 for compounds Al-Pl, A2-P1, A4-P1, 
A3-P1, A1-P4, A2-P4 (referring to the chart) . Artifacts 
produced by respiratory movements are deleted by training 
the subjects to practice mouth breathing with velopharyngeal 
closure. Samples of vomeropherins in concentration of 25- 
aoo fmoles are delivered in the continuous air stream for 
durations from 300 milliseconds to 1 second. 
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CLAIMS 

What is claimed: 

1. A method of altering the blood level of 
luteinizing hormone in an individual, said method 
comprising : 

providing a steroid which binds to receptors on 
the surface of nasal neuroepithelial cells of 
said individual wherein said cells are part of 
tissue other than olfactory epithelia; and, 

administering said steroid within a nasal 
passage of said individual such that said 
steroid binds specifically to said receptors 
and results in an alteration of the blood level 
of luteinizing hormone of said individual. 

2, A method of altering the blood level of 
follicular stimulating hormone of an individual, said method 
comprising: 

providing a steroid which binds to receptors on 
the surface of neuroepithelial cells of said 
individual wherein said cells are part of 
tissue other than olfactory epithelia; and, 

administering said steroid within a nasal 
passage of said individual such that said 
steroid binds specifically to said receptors 
and results in an alteration the blood level of 
follicular stimulating hormone of said 
individual. 
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3- The method of altering the blood level of 
testosterone in an individual, said method comprising: 

providing a steroid which binds to receptors on 
the surface of nasal neuroepithelial cells of 
said individual wherein said cells are part of 
tissue other than olfactory epithelia; and, 

administering said steroid within a nasal 
passage of said individual such that said 
steroid binds specifically to said receptors 
and results in an alteration of the blood level 
of testosterone of said individual. 

4. The method of Claim 1. 2 or 3 wherein said 
neuroepithelial cell is located within a vomeronasal organ 
of said individual. 

5. The method of Claim 4 wherein said steroid 
comprises a pregnane of the formula: 

P« Ik 

Pi r T fiT^pf 




wherein is selected from the group consisting of oxo. 

hydroxy, a- 10-) acetoxy, a-{0-) propionoxy, 
or-(^-) methoxy, a-(0.) lower acyloxy, ct-{0-) lower alkyloxy. 
and a-{0.) benzoyloxy; P, is selected from the group 
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consisting of methyl, hydroxymethyl, acyloxymethyl, 
alkoxymethyl. lower alkyl. hydroxyalkyl , acyloxyalkyl , and 
alkoxylalkyl; Pj is selected from the group consisting of 
hydrogen, oxo, halo, hydroxy, alkoxy, and acyloxy; P, 
through P;j may each be. independently, hydrogen, halo, 
methyl, or halo-, dihalo- or perhalomethyl ; Pu is hydrogen, 
methyl, methylene, halo -substituted methyl or halo- 
substituted methylene, ethyl, ethylenyl, acetylenyl, methyl - 
methylenyl or methyl-methinyl; and "a", "b". "c", "d", "e", 
"h", "i", "j" and "k" are alternative sites for optional 
double bonds and "j" or "k" may also be triple bonds; and 
when P, is methyl and P, is ^-hydroxy, P, and P, may be 
joined to form a cyclic ether. 

6. A method according to Claim 5 wherein "b" is a 
double bond. 

7. A method according to Claim 6 wherein "e" or 
"d" is a double bond. 

8. A method according to Claims 5 wherein "a" and 
"c" are double bonds. 

9. A method according to Claim 5 wherein "h" is an 
optional double bond, and -i" and "j" are absent. 

10. A method according to Claim 5 wherein is a 
double "j" is a double bond, 

11. A method according to Claim 5 wherein "j" is a 
triple bond. 
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12. The method of Claim 5 wherein the amount of 
said pregnane that is administered is at least about 100 
picograms, but no more than about 100 micrograms. 

13. The method of Claim 12 wherein the amount of 
said pregnane that is administered is at least about 1 
nanograms, but no more than about 10 micrograms, 

14. The method of Claim 13 wherein the amount of 
said pregnane derivative that is administered is at least 
about 10 nanograms, but no more than about 1 microgram. 

15. The method of Claim 1, 2 or 3 further 
comprising one step of preparing a pharmaceutical 
composition of said steroid dissolved in a pharmaceutically 
acceptable carrier, 

16. The method of Claim 15 wherein said 
pharmaceutical composition is an ointment. 

17. The method of Claim 15 wherein said 
pharmaceutical composition is liquid. 

18. The method of Claim 15 wherein the 
administration is by aerosol, 

19. The method of Claim 1, 2 or 3 wherein more than 
one steroid is administered. 

20. The method of Claim 3 wherein said steroid 
comprises a 19 -nor- pregnane of the formula: 
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wherein is oxo, a- or ^-hydroxy, a- or ^-acetoxy, a- or 
/J.propionoxy, a- or ^-lower alkoxy, a- or p-lower acyloxy or 

a- or jS-benzyloxy; 

„2i«^ "C, "d", "e", "g", "h», "i", 

"j", "m", and "n" are alternative sices for optional doxible 
bonds, and "k" may be absent or present with "j" to form a 
triple bond; 

Pj is a hydroxy, hydrogen, lower alkoxy of 1 to 
6 carbon atoms, or Pj is absent; 

P3 is 0x0, hydrogen, hydroxy, lower alkoxy of 

1-6 carbon atoms or halo; 

P^ is methyl or ethyl; 

P5 is hydrogen, methyl or halo; 

Pj is hydrogen or methyl; 

R' and R" are independently, hydrogen or halo, 
or are absent. 

21. The method of Claim 20 wherein said 
neuroepithelial cell is located within a vomeronasal organ 
of said individual. 

22. A method according to Claim 21 wherein "a«, "e" 
and "d" are double bonds, 
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23. A mechod according Co Claim 22 wherein "h" is a 
double bond. 

24. A method according co Claim 22 wherein "g" is a 
double bond. 

5 25. A method according to Claim 24 wherein "n" is a 

double bond. 

26. A method according to Claim 21 wherein "d" is a 
double bond. 

27. A method according to Claim 26 wherein "b" is a 
10 15 double bond. 

28. A method according to Claim 26 wherein "c" is a 
double bond. 

29. A method according to Claim 28 wherein "f" is a 
double bond. 

15 30. The method of Claim 7 wherein the amount of 

said 19 -nor- pregnane that is administered is at least about 
100 picograms, but no more than about 100 micrograms. 

31. The method of Claim 30 wherein the amount of 
said 19 -nor -pregnane derivative that is administered is at 

20 least about 1 nanograms, but no more than about 10 
micrograms. 

32. The method of Claim 31 wherein the amount of 
said 19 -nor -pregnane derivative that is administered is at 
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least about 10 nanograms, but no more than about 1 
microgram. 

33. The method of claim 4 wherein said steroid is 
an estrene which has the formula: 




5 wherein is selected from the group consisting essentially 
of one or two hydrogen atoms, methyl, methylene, and one or 
two halo atoms; Rj is absent or is selected from the group 
consisting essentially of hydrogen and methyl; Rj is 
selected from the group consisting essentially of oxo, 

10 hydroxy, lower alkoxy, lower acyloxy, benzoyl, cypionyl, 
glucuronide and sulfonyl; R* is selected from the group 
consisting essentially of hydrogen, hydroxy, lower alkoxy, 
lower acyloxy and halo; R, is absent or is selected from the 
group consisting essentially of hydrogen, hydroxy, lower 

15 alkoxy and lower acyloxy; R« is a hydrogen or a halo; and 
"a" represents optional aromatic unsaturation of ring A of 
said steroid, or ••b", "c", and "d» are each optional double 
bonds; and "e-, "fV "g% "h", "i" and "j" are each optional 
double bonds. 

20 34. A method according to Claim 33 wherein -a" is 

present and "g" , "h" or "i" are optional double bonds, 
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35. A method according to Claim 34 wherein "h" and 
"i" are both double bonds. 

36. A method according to Claim 33 wherein "b" is a 
double bond. 

37. A method according to Claim 33 wherein "j" is a 
double bond. 

38. A method according to Claim 33 wherein "c" is a 
double bond. 

39. A method according to Claim 33 wherein "c" and 
"d" are double bonds. 

40. A method according to Claim 33 wherein Rj is 
methyl and "e" is a double bond- 

41. A method according to Claim 33 wherein said 
steroid is selected from the group consisting of 
Estra-4,16-dien-3-one;Estra-l,3,5(10) , 16-tetraene-3-ol; 10 
Estra-4, 16-dien-3Qf-ol; Estra-4, 9 (10, 16-triene-3-one; 
Estra-l,3, 5 (10) , l6-tetraen-3-ol-6-one;3-Methoxyl-estra- 
2,5(10) ,16-triene; Estra-5 (10) , 16-dien-3a-ol ; and Estra- 
1,3,5(10) , 16-tetraen-3,6Gr-diol. 

42. A method according to Claim 33 wherein is 

methyl. 



43. A method according to Claim 42 wherein said 
steroid is selected from the group consisting essentially of 
Estra-1,3, 5(10) -trien-3-ol; Estra- 

1,3,5(10) ,6-tetraen-3-ol;and Estra-l, 3 , 5 (10) , 7-tetraen 3-ol. 
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44. A method according to Claim 33 wherein Ri is 
methylene. 

45. A method according to Claim 44 wherein said 
steroid is 17 -Methylene-estra-l, 3 , 5 { 10 ) , 6 , 8 (9) hexaen-3 -ol . 

46. A method according to Claim 33 wherein is 
methylene or a single hydrogen and R3 is methyl. 

47. A method according to Claim 33 wherein "f" is a 
double bond and R, is methyl. 

48. The method of Claim 47 wherein at least one 
Estrene steroid is selected from the group consisting of 
1, 3 , 5 (10) , 16-Estratetraen-3-methyl ether, 

ol, 1,3, 3(10), 16 -Estratetraen- 3 -ol 

1, 3 , 5 (10) , 16-Estratetraen-3-yl acetate, and 1,3,5 (10), 
16-Estratetraen-3-yl propionate. 

49. The method of Claim 48 wherein the Estrene 15 
steroid is 1,3,5(10), 16-Estratetraen-3-ol . 

50. The method of Claim 33 wherein the amount of 
said estrene that is administered is at least about 100 
picograms . 

51. The method of Claim 50 wherein the amount of 
said estrene that is administered is at least about 1 
nanograms, but no more than about 10 micrograms. 

52. The method of Claim 51 wherein the amount of 
said estrene that is administered is at least about 10 
nanograms, but no more than eUDdut 1 microgram • 
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53. The method of claim 4 wherein said steroid is 
an androstane of the formula: 




wherein is selected from the group consisting of oxo, 
oc-(^-) hydroxy, a-(^-) acetoxy, a-{^-) propionoxy, a-{^-) 
methoxy, cc- (0-) lower acyloxy, a-(^-) lower alkyloxy, and 
<t-{0-) benzoyloxy; Pj is selected from the group consisting 
of methyl, hydroxymethyl , acyloxymethyl , alkoxymethyl, lower 
alkyl. hydroxyalkyl, acyloxyalkyl, and alkoxylalkyl; ?, is 
absent or is selected from the group consisting of methyl, 
hydroxymethyl, acyloxymethyl, alkoxymethyl, lower alkyl, 
hydroxyalkyl, acyloxyalkyl. and alkoxylalkyl; P« is selected 
from the group consisting of hydrogen, oxo, halo, hydroxy, 
alkoxy, and acyloxy; P, represents one or 2 substituents, 
wherein P, comprises one or two hydrogen atoms, methyl, 
methylene, or one or two halo atoms; P, is hydrogen or halo; 
and "a», "b", -c", -d-, -e", "f, and "h" are alternative 
sites for optional double bonds. 

54. A method according to Claim 53 wherein "b" is a 
double bond. 

55. A method according to Claim 54 wherein "c" or 
"d" is a double bond. 
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56. A method according to Claim 5 3 wherein "a" and 
"c" are double bonds. 

57. A method according to Claim 53 wherein Pj is 
methyl, "h- is an optional double bond, and P, is methylene 

5 or one or two hydrogen atoms. 

58. A method according to Claim 53 wherein P, is 
methyl and "h" is a double bond. 

59. A method according to Claim 58 wherein said 
steroid is selected from the group consisting of - 

10 Andro3ta-5,16-dien-3a-ol, Androsta-4 , 6 , 16 - triene-3 -one ; 
Andr OS ta-4,16-dien-3,6- dione ; 1 9 - Hydroxy - 
androsta-4, 16-dien-3-one;3-Methoxy-androsta-3, 5, 16-triene: 

and 6--Hydroxy-androsta-4-16, -dien-3-one. 

60. A method according to Claim 53 wherein P, is 

15 methyl . 

'61. A method according to Claim 60 wherein said 
steroid is Androst-4-en-3-one. 

62. A method according to Claim 53 wherein P, is methylene. 

63. A method according to Claim 62 wherein said steroid is 
20selected from the group consisting of 20-Homo-androsta-4, 17-dien-3--ol 

20 -Homo androsta-4,l7-dien-3fl-ol; and 20 -Homo androsta-4, 17-dien-3 , 6- 
dione. 

64 . A method according to Claim 53 wherein P» is methyl and 
"f is a double bond. 
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66. The method of Claim 53 wherein "a" or -b- is a double 

bond. 

67. The method of Claim S3 wherein at least one Androstane 
steroid is selected from the group consisting of Androsta-4 

516-dien-3-one. Androsta-4. 16 -dien-3a-ol and Androsta-4 . l6-dien-30-ol . 

68. The method of Claim 67 wherein said steroid is 
Androsta-4, 16 -dien-3 -one . 



69. The method of Claim S3 wherein the amount of said 
androstane that is administered is at least about 100 picograms, but no 

lOmore than about 100 micrograms. 

70. The method of Claim 6 9 wherein the amount of said ligand 
that IS administered is at least about 1 nanograms, but no more than 
about 10 micrograms. 

iSthat IS administered is at least about 10 nanograms, microgram. 

72. A pharmaceutical composition for altering the blood 
level of leuteinizing hormone in an individual comprising an effective 
amount of a compound in a pharmaceutically acceptable carrier to 
stimulate receptors in the vomeronasal organ of said individual, said 
20compound selected from the group consisting of a pregnane of the 
Cormula : 
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wherein Pj is selected from the group consisting of oxo, 
Qc-(0-) hydroxy, a- (5-) acetoxy, a-(^-) propionoxy, 

ce-{0') methoxy, a-ifi-) lower acyloxy, a- (0-) lower alkyloxy, and cf-(^- 
) benzoyloxy; P, is selected from the group consisting of methyl, 
Shydroxymethyl, acyloxymethyl, alkoxymethyl , lower alkyl, hydroxyalkyl , 
acyloxyalkyl , and alkoxylalkyl; P, is selected from the group 
consisting of hydrogen, oxo, halo, hydroxy, alkoxy, and acyloxy; P^ 
through P^a may each be, independently, hydrogen, halo, methyl, or 
halo-, dihalo- or perhalomethyl ; P^ is hydrogen, methyl, methylene, 

lOhalo- substituted methyl or halo-substituted methylene, ethyl, 

ethylenyl, acetylenyl, methyl -methylenyl or methyl -methinyl; and "a", 
"b", "c", "d", "e", "h", "i", "j" and "k" are alternative sites for 
optional double bonds and "j" or "k" may also be triple bonds; and when 
Pj is methyl and P, is ^-hydroxy, Pj and P3 may be joined to form a 

IScyclic ether; 

a 19 -nor- pregnane of the formula: 
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wherein P, is oxo, a- or ^-hydroxy, a- or ^-acetoxy, a- or 
^-propionoxy, or- or ^-lower alkoxy, a- or 0-lower acyloxy or a- or 
^-benzyloxy; 

-a-, "b-, "c". "d", «e«. "f-, »g". -h", "i". 
sand -n" are alternative sites for optional double bonds, and -k" may'be 
absent or present with "j" to form a triple bond; 

P, is a hydroxy,, hydrogen, lower alkoxy of l to 6 carbon 
atoms, or P, is absent; 

P, is oxo, hydrogen, hydroxy, lower alkoxy of 1-6 carbon 

10 atoms or halo; 

P, is methyl or ethyl; 

Pj is hydrogen, methyl or halo; 

P, is hydrogen or methyl; 

R' and R- are independently, hydrogen or halo, or are 

ISabsent ; 

an estrene of the formula: 
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wherein is selected from the group consisting essentially of one or 
two hydrogen atoms, methyl, methylene, and one or two halo atoms; Rj is 
absent or is selected from the group consisting essentially of hydrogen 
and methyl; R3 is selected from the group consisting essentially of 
5oxo. hydroxy, lower alkoxy, lower acyloxy, benzoyl, cypionyl, 
glucuronide and sulfonyl; R4 is selected from the group consisting 
essentially of hydrogen, hydroxy, lower alkoxy, lower acyloxy and halo; 
Rj is absent or is selected from the group consisting essentially of 
hydrogen, hydroxy, lower alk:oxy and lower acyloxy; R^ is a hydrogen or 
10a halo; and "a" represents optional aromatic unsaturation of ring A of 
said steroid, or "b", "C, and "d" are each optional double bonds; and 
"e", •*f", "g", "h", "i" and "j" are each optional double bonds; 
an androstane of the formula: 




- 2S2 - 



wo 97/36596 



PCT/US97/06061 



wherein is selected from the group consisting of oxo, a-(/3-) 
hydroxy, a-(/3-) acetoxy, a-ifi-) propionoxy, methoxy, a-(0-) 

lower acyloxy, ac-(0-) lower alkyloxy, and <t-{0-) benzoyloxy; Pj is 
selected from the group consisting of methyl, hydroxymethyl , 
Sacyloxymethyl, alkoxymethyl , lower alkyl, hydroxyalkyl , acyloxyalkyl, 
and alkoxylalkyl ; P, is absent or is selected from the group consisting 
of methyl, hydroxymethyl, acyloxymethyl , alkoxymethyl, lower alkyl, 
hydroxyalkyl, acyloxyalkyl, and alkoxylalkyl; P, is selected from the 
group consisting of hydrogen, oxo, halo, hydroxy, alkoxy, and acyloxy; 
IOP5 represents one or 2 substituents, wherein P, comprises one or two 
hydrogen atoms, methyl, methylene, or one or two halo atoms; P^ is 
hydrogen or halo; and "a", "b", "c", "d", "e", "f, and "h" are 
alternative sites for optional double bonds, 

73. A pharmaceutical composition for altering the blood 
ISlevel of follicular stimulating hormone of an individual comprising an 
effective amount of a compound in a pharmaceutical ly acceptable carrier 
to stimulate receptors in the vomeronasal organ of said individual, 
said compound selected from the group consisting a pregnane of the 
formula : 




20wherein P, is selected from the group consisting of 0x0, 
ct-{0'} hydroxy, Qf-(^-) acetoxy, a-iff-) propionoxy. 
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cr- (0-) methoxy, cr-(^-) lower acyloxy, a-iff-) lower alkyloxy, and a- t^- 
) benzoyloxy; is selected from the group consisting of methyl, 
hydroxymethyl, acyloxymethyl , alkoxymethyl , lower alkyl, hydroxyalkyl , 
acyloxyalkyl, and alkoxylalkyl ; P, is selected from the group 
Sconsisting of hydrogen, oxo, halo, hydroxy, alkoxy, and acyloxy; P* 
through P„ may each be, independently, hydrogen, halo, methyl, or 
halo-, dihalo- or perhalomethyl ; P^ is hydrogen, methyl, methylene, 
halo- substituted methyl or halo-substituted methylene, ethyl, 
ethylenyl, acetylenyl, methyl -methylenyl or methyl - met hiny 1 ; and "a\ 



10-b", -C 



•d" , 



•h" , 



•j" and "k" are alternative sites for 



optional double bonds and "j" or "k" may also be triple bonds; and when 
is methyl and P, is ^-hydroxy, P, and P, may be joined to fonit a 

cyclic ether; 

a 19 -nor -pregnane of the formula; 




ISwherein P, is oxo, a- or 0-hydroxy, a- or 0-acetoxy, a- or 

^.propionoxy, a- or 0-lower alkoxy, a- or ^-lower acyloxy or a- or 
^-benzyloxy; 

•a-, "b", "c", "d-, "e", "f, "g" , "hV "i", "j". "mV 
and -n- are alternative sites for optional double bonds, and "k" may be 
20absent or present with -j" to form a triple bond; 

Pj is a hydroxy, hydrogen, lower alkoxy of 1 to 6 carbon 

atoms, or Pj is absent; 
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Pj is oxo, hydrogen, hydroxy, lower alkoxy of 1-6 carbon 

acorns or halo; 

P, is methyl or ethyl; 
P, is hydrogen, methyl or halo; 
> P, ia hydrogen or methyl; 

R' and R" are independently, hydrogen or halo, or are 

absent ; 

an estrene which has the formula: 




wherein R, is selected from the group consisting essentially of one or 
lOtwo hydrogen atoms, methyl, methylene, and one or two halo atoms- R is 
absent or is selected from the group consisting essentially of hydr^en 
and methyl; R, is selected from the group consisting essentially of 
oxo. hydroxy, lower alkoxy, lower acyloxy, benzoyl, cypionyl 
glucuronide and sulfonyl; R, is selected from the group consisting 
iSessentially of hydrogen, hydroxy, lower alkoxy, lower acyloxy and halo • 
Rs 13 absent or is selected from the group consisting essentially of 
hydrogen, hydroxy, lower alkoxy and lower acyloxy; R. is a hydrogen or 
a halo; and -a- represents optional aromatic unaaturation of ring A of 

J"""" " ^P-^i^n-l 'louble bonds; and 

20-e". .f-, .g., "i- and -j- are each optional double bonds; 

and an androstane of the formula: 
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wherein is selected from the group consisting of oxo, a-(^-) 
hydroxy, cc-{&-) acetoxy, <r-(^-.) propionoxy, oc-<^-) methoxy, a-(0-) 
lower acyloxy, a-(0-) lower alkyloxy, and a-(^-) benzoyloxy; Pj is 
selected from the group consisting of methyl, hydroxymethyl, 
Bacyloxymethyl, alkoxymethyl, lower alkyl, hydroxyalkyl , acyloxyalkyl , 
and aikoxylalkyl ; Pj is absent or is selected from the group consisting 
of methyl, hydroxymethyl, acyloxymethyl , alkoxymethyl , lower alkyl, 
hydroxyalkyl , acyloxyalkyl , and aikoxylalkyl; P, is selected from the 
group consisting of hydrogen, oxo, halo, hydroxy, alkoxy, and acyloxy; 
IOP5 represents one or 2 substituents, wherein P^ comprises one or two 
hydrogen atoms, methyl, methylene, or one or two halo atoms; P^ is 
hydrogen or halo; and "a", "b" , "c", "d**, »e», "f", and "h" are 
alternative sites for optional double bonds. 

74 . A pharmaceutical composition for altering the blood 
ISlevel of testosterone in an individual comprising an effective amount 
of a compound in a pharmaceutical ly acceptable carrier to stimulate 
receptors in the vomeronasal organ of said individual, said compound 
selected from the group consisting a pregnane of the formula: 
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wherein P, is selected from the group consisting of oxo, 

hydroxy, or-(^-) acetoxy, a-(0.) propionoxy, 
o-(^-) methoxy, a-lfi.) lower acyloxy, a.(0.) lower alkyloxy, and a- (B- 
) benzoyloxy; P, is selected from the group consisting of methyl 
Bhydroxymethyl, acyloxymechyl. alkoxymethyl . lower alkyl, hydroxyalJcyl 
acyloxyalkyl. and alkoxylalkyl ; P, is selected from the group 
consisting of hydrogen, oxo. halo, hydroxy, alkoxy, and acyloxy P 
through P„ may each be. independently, hydrogen, halo, methyl, or * 
halo-, dihalo- or perhalomethyl.- P,, is hydrogen, methyl, methylene. 

lOhalo-substituted methyl or halo- substituted methylene, ethyl 

ethylenyl, acetylenyl, methyl -methylenyl or methyl -methinyl ; 'and -a- 
-b". "c-, -d", "e-, -h". -i-. "j- and -k" are alternative sites for ' 
opt:Lonal double bonds and "j- or "k- may also be triple bonds; and when 
P, IS methyl and P, is ^-hydroxy, P, and P, may be joined to form a 

IScyclic ether; 

a 19-nor-pregnane of the formula: 
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wherein is oxo, a- or ^-hydroxy, a- or ^-acetcxy, or- or 
0-propionoxy, a- or lower alkoxy, or- or ^- lower acyloxy or a- or 
0-benzyloxy ; 

-a", "b", "C, "d", "e", "f", "g" , "h", "i", "j", "mv 
Sand "n" are alternative sites for optional double bonds, and "k" may be 
absent or present with "j" to form a triple bond; 

Pj is a hydroxy, hydrogen, lower alkoxy of 1 to 6 carbon 
atoms, or Pj is absent; 

Pj is oxo, hydrogen, hydroxy, lower alkoxy of 1-6 carbon 

lOatoms or halo; 

P, is methyl or ethyl ; 

Ps is hydrogen, methyl or halo; 

Pfi is hydrogen or methyl; 

R' and R" are independently, hydrogen or halo, or are 

ISabsent ; 

an estrone which has the formula: 
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wherein is selected from the group consisting essentially of one or 
two hydrogen atoms, methyl, methylene, and one or two halo atoms; is 
absent or is selected from the group consisting essentially of hydrogen 
and methyl; Rj is selected from the group consisting essentially of 
Soxo, hydroxy, lower alkoxy, lower acyloxy, benzoyl, cypionyl , 
glucuronide and sulfonyl; R, is selected from the group consisting 
essentially of hydrogen, hydroxy, lower alkoxy, lower acyloxy and halo; 
Rs is absent or is selected from the group consisting essentially of 
hydrogen, hydroxy, lower alkoxy and lower acyloxy; R^ is a hydrogen or 
10a halo; and "a" represents optional aromatic unsaturation of ring A of 
said steroid, or -b", -c", and -d" are each optional double bonds; and 
"e", -f", "g", "h", "i" and "j" are each optional double bonds; 
and an androstane of the formula: 
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wherein is selected from the group consisting of oxo, a-(0-) 
hydroxy, a- (3-) acetoxy, a-(^-) propionoxy, a-{^-) methoxy, a-(^-) 
lower acyloxy, aM^-) lower alkyloxy, and a-{^-) benzoyloxy; is 
selected from the group consisting of methyl, hydroxymethyl , 
Sacyloxymethyl, alkoxymethyl , lower alkyl, hydroxyalkyl , acyloxyalkyl , 
and alkoxylalkyl; P, is absent or is selected from the group consisting 
of methyl, hydroxymethyl , acyloxymethyl, alkoxymethyl , lower alkyl, 
hydroxyalkyl, acyloxyalkyl , and alkoxylalkyl; is selected from the 
group consisting of hydrogen, oxo, halo, hydroxy, alkoxy, and acyloxy; 
1OP5 represents one or 2 substituents , wherein P5 comprises one or two 
hydrogen atoms, methyl, methylene, or one or two halo atoms; P^ is 
hydrogen or halo; and "a", "b", "c", »d", "e", "f", and -h" are 
alternative sites for optional double bonds. 
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